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SPECIAL  STUDY  5-53-2 


DRAU  (DRAVA)  RIVER# 
ARTIFICIAL  FLOODING  POTENTIALITIES 


SECTION  I 
INTRODUCTION 


1-01  ASSI®MEiTt 

Tills  specd.nl  study  ms  assiaicd  to  the  Military  Hydrology 
R&D  Branch.  &»gino<aring  Division,  Washington  District  by  letter  from 
Office,  Chief  of  Engineers,  5NGWE,  to  the  Division  Engineer,  North 
Atlantic  Division!  subject  Military  Hydrology  R&D  Project  No. 

S-72-l?-00lt  Special  Assignment*  datod  9 January  1953. 

1-02  PURPOSE  AND  SCOPE,, 

a.  This  report  presents  information  regarding  the  hydraulic 
nature  of  artificial  flooding  potentialities  in  the  DRAU  (DRAVA )* 

River  Ba3in,  It  covers  the  main  stems  of  the  DR..U  and  MUR  (MURA)#  Rivers, 

b.  The  report  consists  largely  of  a compilation  and  consolidar- 
tion  of  information  presented  in  various  intelligence  documents  and 
technical  publications,  with  certain  supplementary  analyses  and  discus- 
sions, The  material  forming  the  basis  of  this  report  was  limited  to 
that  available  in  the  Washington,  D.  G , area,  or  obtainable  from  other 
sources  within  the  time  allotted  for  the  study.  Detailed  analyses  were 
confined  to  thaso  elements  deemed  capable  of  the  greatest  military 
effect.  Generalized  qualitative  evaluation  Tins  mde  of  less  critical 
elements  to  determine  their  relative  potentialities,  Considerable 
additional  engineering  data  would  be  required,  to  poimit  a comprehensive 
investigation  of  the  complete  area.  Such  investigation  probably  would 
produce  quantitative  results  affording  a more  ccnplote  and  detailed 
picture  of  the  artificial  flooding  pot  entd.  all  tics  of  the  DRAU  River  Basin, 

c.  The  report  is  desigicd  to  furnish  basic  data  and  results 
of  analyses  needed  to  ensuer  questions  concerning! 

(1)  Normal  and  extrcnc  discharges,  stages,  and  velocities 
at  key  stations  on  the  DRAU  and  MUR  Rivers, 

(2)  Stroam  characteristics  including  gradients,  depths, 
end  widths  of  channel  and  flood— plain  on  those  streams, 

(3)  Data  ooncoming  locations  and  zero  elevations  of 
gaging  stations. 

*Gemar>  and  Austrian  name  (Slavic  name*) 
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(4)  Data  concerning  locations  and  dimensions  of  dams, 
bridges,  and  hydroelectric  projects* 


(5)  The  extent  of  flooding  possible  by  erection  of 
temporary  dams  on  the  BRAU  and  MUR  Rivers. 

(6)  The  magnitude  and  duration  of  flood  waves  and  flow 
variations  created  by  breaching  or  regulated  discharge  from  major  dams 
and  reservoirs,  and  their  effect  on  military  bridging  and  crossing 
operations  on  the  DRAU  and  MUR  Rivers. 

1-03  ARR'iWGa’SKT . 


This  report  i3  sub-dividod  as  follof.'s* 


Section  I 
Section  II 

Section  III 
Section  TV 
Section  V 
Bibliography 
Tables 
Plates 
Exhibit  A 

Exhibit  B 


Introduction 

Drainage  Basin  Characteristics  and 
Developments 

Hydrologic  Characteristics 
Artificial  Flood  Potentialities 
Effect  on  Military  Opera  ti  ms 


Abstracts  of  Technical  Literature  on  the 
DRAU  (DRAVA)  Rivor 

Abstracts  of  Technical  Literature  on  tho 
MUR  (MURA)  River 


1-04  DEF3MITT0T-S  AMD  REFERS !C  A DATUM . 

a.  Equivalent  English-Metric  Terms Most  values  usod  in 
this  report  arc  in  the  Metric  System.  Conversion  factors  for  the 
English  and  Metric  systems  are  presented  for  convenient  reference  in 
Tablo  1. 


t 

t 

b. 

Abbreviations. 

The  folloidng  abbreviation 

f 

this  report; 

cm 

centimeters 

! i 

i i 

HP 

Horsepower  (motile) 

i 

hr 

hours 

i 

km 

kilometers 

km2 

square  kilometers 

i 

* 

KW 

kilowatts 

i 

? 

! ■ 

£ 

KWH 

kilowatt  hours 

m 

motors 

mm 

millimeters 

m/aec 

meters  per  second 

m3 

cubic  motors 

il 

p3/ see 

cubic  meters  per  second 

rpn 

revolutions  per  minute 
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c*  Hydrologic  Terrs  « Special  hydrologic  abbreviations,  in 
conformance  with  standard  Goman  find  Austrian  hydrologic  practice,  are 
defined  5n  Table  2, 

d,  Elevation  Datum.  Elevations  are  in  meters  above  the 
Adriatic  Sea,  ■meters  uebor  Adria*  (m.u the  standard  Austrian 
altitude  datum* 

c,  River  Distances,  In  this  report,  distances  are  expressed 
in  kilometers  measured  as  follows* 

(1)  DR..U  River*  Kilometers  from  the  old  1912  Auetrian- 
Hungarian  border  (262  km  above  the  mouth),  positive  values  increasing 
upstream  and  negative  values  downstroesn.  This  conf  >rms  to  the  system 
"used  in  the  available  official  pro-TTorld  'Tar  n Austrian  hydrologic 
publications.  On  the  DRAU  River  profiles,  a secondary  scale  is  also 
shown,  expressed  as  kilometers  upstream  fiv>n  the  confluence  if  the 
DRAU  and  BANU32  Rivers.  This  conforms  to  the  ifficirl  Yugoslavian 
kilonotrage  system  for  the  148  Ion  long  reach  upstream  tj  the  head  of 
navigation  at  3AXS.  River  distances  as  used  in  this  report  for  the 
roach  between  BAX 5 and  the  old  Auetrian-Hungarian  border  were  scaled 
from  maps  and  adjusted  to  c .infora  with  available  official  hydrologic 
kilccio.trage.  Starts  points  and’  listed  kilamctrage  of  various  estab- 
lished fiver  rr*3C.suranont  systems  in  this  area  vary  considerably,  changing 
with  political  and  territorial  revisions  and  rdth  shifts  in  the  river 
course,  ’ Current  Austrian  hydrologic  practice  bases  the  zero  kilometer 
at  the  present  Austrian-Yugoslnv  border,  403  km  above  the  DRAD-DANUBE 
r\  confluonce,  . 

, • ' "\  (2)  MUR  River » Kilometers  upstream  from  the  confluence 

of  the  MUR  and  DRAU  Rivers,  This  conforms  to  the  system  currently  used 
in  the  official  Austrian  v7atpr  Purer  Registers  (Wasserkraf t-Kataster) , 
Some  other  Austrian  publications  start  their  river  measurements  at  the 
Austrian  border,  74  km  above  the  mouth  of  tho  MUR  River. 

- - * . (3)  Other  Rivers*  Kilometers  upstream  fren  their  mouths, 

, corresponding, to  Austrian  hydrologic  practice, 

- f.  Grid  Systam,  Grid  references  cited  in  this  report  are  to 

the  ^Universal  Transverse  Mercator*  (U.T»M.)  Grid  system  unless  other- 
wise deslgiated. 

ge  Maps,  The  area  of  the  DRAU  River  basin  is  covered  by  the 
follov/ing  available  standard  Anorican-British  military  maps* 
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4B-F,  13,  14,  14A,  14B 
2-7,  13-17.  31-35 
Y9-10,  Z8-10 

4B-FA-I V,  13/1, 

14-143A&IV 

4-7/ri&ni,  U-15/E&1V, 
16AII,  31/1,  32AIT;  33A 
Z6/S,  27/5-8,  28/5-8, 

Z9/>8,  Z10/1&5,  4A&IV, 
5A&IV 

54587,  55582,  56593, 

566(F,  566CE,  566XST 

5250-5251/1-4,  5350/1-4, 
5351/1-3,  5352A,  3&4, 
5353/2-4,  5341/1-4, 

5455/3,  5456/4, 

5457A,  »4,  5458/1-4* 

55 58 A,  2H,  5559/W, 

56 59 A 2&4,  5660/3,  5761A 

3 lovenj  gradec  /3a-<&4c-d, 
Mwribor/30-d,  Durdovac/la-c, 
Ptuj/lo-dSt2ti-o,  Caltovoc/ 
lb-d,  2a~d 

152/2-4,  153/1-4, 

164/1443  JJ.,  178/1-4, 
179/2-4S.N.,  180-181A-4, 
195A-2,  196/^4, 

197/142,  198/1-3,  199-201/1^4 


1-05  REFERENCES , 


All  references  cited  in  this  report  arc  listed  in  the  Biblio graphy 
folLowing  Section  V of  the  text. 
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SECTION  II 

DRAINAGE  BASIN  C HA  RAC  TSKI3  TICS  AND  DEVELOFMrNTS 

2- 01  GENERAL. 

•*  The  DRAU  (DRAVA)  River  is  one  of  the  principal  right-bank 
tributaries  of  the  DANUBE  River,  The  total  length. is  724  to,  The  DRAU 
River  rise3  in  the  Tyrolean  Region  of  the  ALPS  and  flows  generally  east-* 
ward  to  join  the  DANUBE  River  at  to  1384  above  its  mouth.  In  the  upper 
Alpine  reaches,  the  river  closely  parallels  the  southern  border  of 
AUSTRIA,  It  enters  YUGOSLAVIA  near  DRAVOGRAD  (UNT ERBRAUBti RQ)  (to  136) 
and  forms  the  border  between  YUGOSLAVIA  and  HUNGARY  from  the  mouth  of 
the  MUR  (MURA)  River  (to  -55)  to  D0NJ1  MIH3LJAC  (to  -190).  There,  the 
frontier  diverges  to  the  north,  and  the  river  flows  east- southeast 
through  Yugoslavian  territory  to  the  DANUBE  River,  The  principal  left- 
bank  tributaries  are  the  ISEL,  MOELL,  GURK,  LAVANT,  and  MUR  Rivers,  ' 
Stream  triUi taries  on  the  right  bank  include  the  GAIL,  DRWINtfA,  BEDNJA, 
KARA&ICA,  and  VUZICA  Rivers, 

b.  The  MUR  (MORA)  River  is  the  largest  tributary  of  the  DRAU 
River.  It  originates  in  the  CENTRAL  ALPS  of  AUSTRIA  and  flows  east—  * 
northeast  for  about  200  to  to  the  junction  of  the  wttRZ#  River  (to  235), 
then  turns  sharply  southward.  Near  GRAS  the  river  turns  southeast  to 
join  the  DRAU  River  near  I2JGRAD  (DRAU  River  to  -55).  The  total  length 
is  455  km.  The  upper  325  to  lias  entirely  in  AUSTRIA;  the  portion 
between  to  130  and  to  96  serves  as  the  Austrian-Yugoslavian  border; 
the  reach  between  to  96  and  to  41  lies  in  YUGOSLAVIA;  and  the  lower 
41  to  serves  as  the  boundary  between  YUGOSLAVIA  and  HUNGARY,  Principal 
tributaries  include  the  P0IS,  LJSSING,  and  TAJERZ  Rivers  on  the  left  bank 
and  the  GRAIttTZIN  and  KABfDACH  Rivers  on  the  rigit  bank,  ‘ 

...  c.  The  lower  148  to  cf  the  DRAU  River  provides  fur  limited 
navigation;  none  of  the  other  stream  in  the  basin  arc  considered  navi- 
gable, Numerous  hydroelectric  plants  arc  located  on  the  DRAU  and  MUR 
Rivers  and  their  tributaries.  Important  highway  and  railway  lines 
follow  and  cross  the  strean  valleys  of  the  mountainous  DRAU  River  basin, 
A general  map  of  the  area  is  presented  as  Plate  1 and  detailed  descrip- 
tion is  contained  in  Exhibits  A and  B of  this  report  and  in  the  docu- 
ments listed  in  the  Bibliography  as  References  1 to  10,  inclusive, 

3- 02  TOPOGRAPHY. 


The  DRAU  River  rises  in  the  rugged  terrain  of  the  TYROLEAN 
ALPS.  At  MARI30R  (to  72)  it  leaves  the  ALPS,  and  at  FTUJ  (to  44)  the 
river  begins  to  spread  and  meander  over  a ride  area,  forming  many 
islands  and  dividing  into  multiple  channels.  The  topography  of  the 
MUR  River  is  similar  to  that  of  the  DRAU;  the  upper  reaches  traverse 
rugged  Alpine  terrain  and  the  lover  part  below  GRAZ  (to  179)  flows 
through  a wide  flat  valley,  Those  two  rivers  arc  the  orily  major  streams 
flowing  eastward  from  the  central  Alpine  region  through  the  exterior 
Alpine  mountain  range,  the  ^teirische  Rand  Gebirge,*  Plate  2 is  a 
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physiographic  diagram  illustrating  the  general  nature  of  the  topography? 
Exhibits  A and  D and  References  6 through  14  contain  detailed  topographic 
description  of  the  region. 

2- 03  GEOLOGY, 

The  upper  reaches  of  the  DRAU  art!  MUR  Rivers  lie  in  deep 
glaciated  traughs,  containing  many  flat-floored  silted  basins  and  steep 
roc?c  terraces.  The  general  course  of  the  upper  DRAU  River  lieB  along 
the  contact  of  crystalline  with  limestone  rock3j  hence  the  geologic 
structure  i3  complex  and  variable.  The  lower  reaches  of  the  river  in 
the  flat  plains  i3  characterized  by  coarse  rubble  and  gravel  3tream~bed 
and  banks.  Hera  the  channel  and  banks  are  subject  to  considerable 
shifting,  Dotailed  descriptions  of  the  geology  of  the  area  are  contain- 
ed in  Exhibits  A and  B and  in  References  5 through  14. 

3- 04  DRAINAGE  AREAS . 

• Tho  total  drainage  area  of  the  DRAU  River  is  40,131  km2!  of 
which  14,412  km2  is  drained  by  the  MUR  River,  This  may  be  compared  with 
the  95,000  km2  drained  by  tho  SAVA  River,  The  drainage  area  of  the 
DANUBE  River  above  the  confluence  of  the  DRAU  River  is  approximately 
three  times  that  of  the  DRAU  River,  Table  3 lists  drainage  areas  at  key 
gaging  stations,  A tabulation  of  drainage  areas  as  listed  in  Reference 
15  for  major  streams  in  tho  DRAU  River  basin  follows* 


River 

LggaUuB 

grailna  ee  Araa.. 

1 

3SEL 

Mouth 

1,203 

i 

MOELL 

do 

* ljl04 

4- 

LIESER 

do 

li037 

7 

GAIL  _ 

do 

1,403 

GURK 

do 

2,584 

LAVANT 

do 

969 

i - ; 

MUR 

do 

14,41 2 

DRAU 

Above  MOELL  K, 

3,673 

do 

Above  C3JRK  R* 

7i  824 

I 

do 

Above  LAVANT  R, 

11,052 

i 

§ 

u 

-j 

.1 

do 

3-05  GRADIENTS  AND 

Mouth 

PROFILES, 

40,131 

Stream  gradients  are  3teep  in  the  upper  mountainous  regions 
upstream  from  the  confluence  of  the  DRAU  and  MUR  Rivers,  and  more  gradual 
in  the  lower  reaches  as  may  be  seen  on  the  general  profile  on  Plate  3 and 
the  stream  profiles  of  Plates  4a  to  4c » 4 tabulation  of  average  gradients 
on  the  DRAU  and  MUR 
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2-06  CHANNEL  DEATHS. 

At  mean  water,  depths  in  the  DRAU  River  range  from  about  1.5  rn 
near  LISH2  to  3.0  m near  riTJJ,  and.  decrease  to  sli^itly  over  2 m in  the 
lower  reaches  downstream  frcm  BARCS.  At  mean  high  water  (MKT),  depths 
are  2 to  3 m deeper.  During  low  water,  depths  arc  approximately  1 m 
lower  than  at  mean  water,  except  within  the  pools  above  the  power  dams. 
Nunerous  shoals  exist  in  the  lower  reaches  of  the  river.  The  depth  of 
the  im  River  ranges  from  about  0,5  to  1.5  m at  low  water,  1 to  2.5  m 
at  moan  water,  and  3 to  5'm  at  high  water.  Depths  in  that  stream  are 
greatly  influenced  by  the  operation  of  the  numerous  small  power  dams  and 
weirs.  Rofercnce  is  made  to  the  depth  drofile  bn  Plate  5 and  to  Refer- 
ences 2 and  9 for  additional  information  on  river  depths.  A tabulation 
of  representative  averago  depths  along  the  DRAU  River  follows* 
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Roach 

River  m 

Average  Gradient 
. mArr, 

DRAU  R. 

S ILLIAIi-U  EH  2 

400  to  369 

12.8  * 

LmZJviARIBOR 

369  to  72 

1.4 

maribo?.=bah5s 

BARCS-DANUBE  R, 

72  to-111  • 

0,8 

-111  to- 262 

0.15 

guRR. 

ST.  MIC ! i A EL-FROFN LSI TEN 

297  to  210 

7.3 

FRDITILEITEN-TfILDON 

210  to  155 

1.9  ‘ 

YfILDON-DRAU  R, 

155  to  C 

1.0 

Reach 

LIEN2-KURIB0R 
MARTBQR-Bi!.FfcS 
BARfiS-DANtBE  R. 


Rivor  Xta 

Depth  at  MT  (m) 

Depth  at  MfflT  (m) 

• 369  to  72 

1.5  - 2.5 

3.5  - 5.0 

72  to-111 

1.5  - 3.0 

4.0  - 5.0 

-ui  to- 262 

2,0  - 2.5 

3.5  - 5.0 

3-07  CH/iKNBL  AND  FLOOD-PLAIN  '-VIDTOS. 


The  channol  of  the  DRAU  River  is  narrow  in  the  upper  roachos, 
averaging  frorn  about  50  to  100  n«  In  the  lower  reaches  the  channel  width 
varies  from  100  to  250  m,  although  the  total  distance  across  the  divided 
stream  branches  and  moandors  often  reaches  several  kilometers.  In  the 
upper  reaches,  the  flood-plain  includes  the  flat  bottoms  of  the  basins 
and  extends  frem  100  to  1,000  m from  the  stream  banks.  Along  the  flat 
plains  in  the  Icwer  readies,  extensivo  areas  up  to  nearly  10  km  wide  are 
subject  to  frequent  and  prolonged  inundation  as  described  in  References 
7 and  8. 


O 


3-08  NAVIGATION;: 

Thf  ORAU  (DRAVA)  Rivor  is  t-ho  ..nly  navigable  stream  within  its 
basin* . Navigability  on  the  DRAG  River  c oases  at  BARCS  (148  km  above  the 
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DANUBE  River  confluence)]  although  03IJZK,  19  km  above  the  mouth,  is 
generally  c ;n3idcred  the  limit  for  regular  Danube  craft..  Although  the 
navigable  section  has  no  important  tributaries,  there  are  many  short 
streams,  Numerous  shoals,  water  mills,  shifting  channels,  and  islands 
make  navigation  hazardous.  Only  shallow-draft  vessels  can  negotiate 
the  river  as  far  as  3ARfes,  There  arc  no  lodes,  dams  nr  aqueducts  on  the 
navigable  section  of  the  DRAU  River,  Ice  formations  last  a maximum  of 
60  days,  although  there  have  boon  icc-frce  winters,  Normally,  ice  begins 
to  form  around  the  end.  of  Decaharj  the  average  break-up  date  ip  1G 
February,  Detailed  information  is  contained  in  References  1,  2,  3,  16 
and  17, 

2-09  REGULATION, 

The  numerous  hydro electric  power  duns  and  reservoirs  locate 
in  the  DRAU  River  basin  do  nut  provide  sufficient  storage  for  significant 
regulation  of  water  for  flood-control,  irrigation,  or  navigation.  The 
Yugoslavian  author!  tics  have  conplai  ned  that  Austria:-,  hydroelectric 
developments  have  deprived  down  stress?.  projects  of  sufficient  water  for 
power  generation,  Sa.ie  attempt  has  been  :radc  tc  improve  navigation  and 
reduce  flood  dam?. go s by  dredging,  channel  rectification,  bonk  revetments, 
and  levees  along  the  Inver  roaches  of  the  DR'.U  River. 

2-10  DAMS  AND  £23ER vOIRS  , 

_ t 

Reservoirs.  The  natural  lakes  described  in  paragraph  2-13a 
contain  considerable  vr.tcr.  The  largest,  ?fHIi3T.AETT2R  SEE  holds  1228 
million  m3.  However,  since  the  lake  bottoms  are  much  lower  than  the 
outlet  elevations,  only  a snail  amount  of  the  stored  water  way  bo  util- 
ized,for  stream  regulation  nr  power  d evelotner.t,  f-vst  of  tlie  artificial 
rc30fvoirs- arc  connected  with  *run-of-tho- river*  power  projects,  and 
consequently  have  limited  C vu*1  d QC  capacity*  The  pools  of  the  six  DR’.U 
River  dams  located  between  3C  NT  . BBC  I'  ("Am  153)  and  HARIDOR  (km  76)  are 
perhaps  the  largest  and  nest  important.  Their  conbinod  storage  capacity 
is  slightly  over  100  million  m3,  Rusorwir  storage  volume  is  summarized 
in  the  table  of  data  on  hydroelectric  structures,  Tabic  4*  Refcrcr.ce  is 
made  to  Exhibits  A and  B for  detailed  descriptions  of  existing  and  pro- 
posed reserve i ra, 

b.  Hydroelectric  Dams,  Numerous  hydroelectric  projects  arc 
located  on  the  DRAU  and  MUR  Rivers  and- cn  their  mountainous  tributaries. 
Several  are  large  structures,  although  m.st  arc  less  than  10  m high. 
Locations  of  major  projects  arc  shown  n the  general  nap,  Plate  1,  and  a 
summary  of  available  data  on  major  hydroelectric  projects  is  presentod 
a3  Table  4*  Locations  ;f  dams  on  the  DRAU  arid  MUR  Rivers  also  appear  on 
the  stream  profiles,  Plates  4a  to  4c.  Exhibits  A and  B contain  descrip- 
tions of  important  power'  developments  as  translated  and  abstracted  from 
technical  literature  listed  as  References  12  to  14  and  18  to  39  in  the 
Bibliography.  Additional  information  may  also  be  found  in  References 
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40  to  46,  inclusive.  Re for once  47  Contains  detailed  data  on  Austrian 
electric  power  project*;  presently  available  supplanftits  cover  projects 
listed  in  Table  4 of  this  report  as  Serial  Nos,  1,  2,  7 to  12,  and  14, 
This  stu<fy  was  concentrated  on  the  artificial  flooding  potentialities 
afforded  by  the- six  DRAU  River  dams  between  SCHWABBCK  (Khi  153)  and 
MARIDOR  (Km  76),  and  the  three  dams  in  the  TEIGITSCh  River  developments 
on  a tributary  of  the  KAIKBACH  in  the  iflJR  River  basin  near  GRAZ,  These 
dams  are  designated  as  Serial  Nos,  1 U.  8,  inclusive  in  Ibble  4 and  on 
Plate  1,  (See  description  in  Exhibits  A and  3),  These  dam3  are  now  all 
in  operation  with  the  exception  of  the  DRAU  River  VUZEN.TGA  (Kin  124) 
power  plant  which  is  under  con  struct!  on.  Sketches  of  the  ddms  considered 
in  this . study  aopear  on  Plates  9a  to  9d.  A tabulation  of  pertinent  data 
on  ti  e dams  considered  in  this  stuufy  follrars* 


Dam 

River  Pin. 

Storage  (ic£n3) 

Dam  HciRht  (m) 

Gates 

DRAU  RIVER 

SCHWA33CK 

153 

25.0,  x 
6.8  9 
ii.of«> 

16.7  G 
27.0'e> 

22 

4 9 18  ,75x14 

LAVAMUEND 

147 

11 

4 9 24x11 

DRAVOGRAD 

336 

1^) 

4 * 24x11 

VUZBIT.CA 

124 

4 9 18,75x14'°' 

FALA 

92 

18 

5 9 15x15 

- MAPTB OR  76 

TEIGIT3CH  RIVER 

IB 

4®  18,75x14 

P/OK 

222* 

5.41 

29 

■ 

HliiRSMANN 

211* 

7,3 

53 

IjANG''!AIIII  209* 

(e)  Estimated 

0,3 

* 26 

~ 

* Above 

muuth  of  ttUR  P., 

* 

c. 

Navigation 

Locks  and  Dans . 

There  arc  n>>  navigation  locks 

or  dams  <>n  the  DRAU  River  or  its  tributaries. 


d.  Mill  Dams,  Many  ana  11  mill  dams  are  located  in  the  upper 
roaches  of  the  streams  of  the  DRAU  River  basin,  especially  along  the  MUR 
River,  Thqy  include  nillraces  and  supply  canals  and  store  small  amounts 
of  water  for  local  industrial  power  use, 

2-11  LEVEES. 

A nun'oer  of  short  low  levees  have  been  built  to  provide  flood 
protection  for  farmland  tuid  l-ioal  ccrammities  along  the  flat  lower  reaches 
of  the  DRAU  River  and  in  the  so-called  *poljo*  or  basins  of  the  upper 
reaches.  There  is  no  complete  integrated  levee  system  along  the  DRAU 
River,  Levees  and  ban!:  revetment 3 extend  along  practically  the  entire  ' 
350  ten  strotch  of  the  MUR  River  located  in  Austrian  territory.  However, 
only  local  loveo3  have  been  built  along  the  Yugoslav  and  Hungarian  portion 
of  the  MUR  River.  No  accurate  recent  data  were  available  concerning  the 
height  and  extent  of  lovoc  systems  in  the  area.. 
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2-12  CANALS. 

Thu  DIcAU  River  basin  does  riot  have  any  navigation  canal3. 

Many  short  ana  11  canals  divert  water  from  tho  strops  for  local  use  and 
power  Generation*  Some  short  irrigation  and  drainage  canals  exist,  in 
the  flat  basins  and  plains  along  tiro  DRAU  River, 

2-13  LAKHS,  PONDS,  GUCILRS  AND  MAH3HBS. 


a,  takes , A number  of  deep  lakes  arc  located  in  glaciated 
valleys  along  tho  upper  reaches  ‘of  the  DRAU  River.  The  lake  bottoms 
lie  much  lovrr  ttan  the  »utlctr.'  which  arc  mostly  small  streams , 

Con  sequel  tly,  only  a limited  part  of  the  lake  storage  can  be  released. 
Some  of  the  lakes  "re  utilised  in  connection  with  hydro elect! re  power 
developments,  as  discussed  in  paragraph  11  of  Exhibit  A,  The  area  and 
volume  of  a few  of  those  major  lakes  as  given  in  Reference  .13  arc  as 
follows J 


take  (See) 

Area  Volume 

(km-2)  (nilliun  m?) 

■ 'axirum 
Donth 

(m) 

Mean 

Depth 

(m) 

tTDERTHSR 

13.5 

040 

54,6 

43.2 

MIUST/iETTSR 

13.3 

1223 

140,7 

86.5 

OSSIACIER 

10,6 

201 

46.0 

19.0 

'tTElB3Hi 

6.6 

202 

99 

33.5 

FAAKER 

2.3 

33  1 

30 

14.2 

KEUTSC  HACKER 

1.3 

13 

15 

9.4 

b*  Glaciers*  The  topography  of  the  DRAU  River  basin  is  in 
large  measure  a result  of  glacial  action,  A nurber  of  gLacicrs  still 
exist  at  high  elevations  on  the  headwaters  of  the  loft  bank  tributaries 
of  the  DRAU  River.  Molting  of  these  glaciers  tends  to  increase  stream 
flow  during  periods  of  light  rainfall  and  is  an  important  source  of 
water  supply  for  several  hydroelectric  developments.  In  recent  times 
the  glaciers  have  receded  as  described  in  References  12  and  13,  A 
tabulation  listing  a few  important  existing  glaciers  follows: 


Stream 
Hot  -.water 

Glacier 

Heigit  of 
Tonrue  (m.u.A.) 

Area 

ToSo" 

(hectares) 

ftJOELL  R, 

PASTER ZE 

1970 

3196 

2433 

KLEIMEL5M) 

2170 

540 

250 

GR033KLF.ND 

2220 

576 

517 

I3EL  n. 

SCHLATEi 

1940 

1131 

1127 

UH3AL 

2225 

837 

733 

C « 

Ponds 

and  Marshes 

, Ir.  the  upper  reaches  of 

the  DRAU  1 

are  a number  of  wide  flat  va  lleys  such  as  the  KLAGEUFURT  BASIN,  Those 
basins  have  been  eroded  by  glacial  action  and  were  formal’ ly  lakes  until 
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the  river  eroded  an  nutlet.  These  basins  now  contain  significant  marshy 
areas.  Many  other  extensive  swampy  areas  lie  along  the  lower  reachos  of 
the  DRAU  and  MUR  Rivers.  The  lower  DRAU  River  especially  is  subject  to 
frequent  meandering  of  its  course,  leaving  many  •cut-offs*  or  *ox-bo?<  ‘ 
lakes,*  abandoned  flood-stream  courses  and  multiple  channels.  These 
create  L-w- lying  pockets  many  of  which  contain  ponded  water  or  swampy 
bottomland,  Muck  of  the  flat  lowland  in  the  *FODRAVINA*  region  along 
the  lower  DRAU  River  is  subject  to  inundation  during  much  of  the  year. 
Reference  is  made  to  Exhibits  » and  3 and  to  References  6 and  7 for 
additional  information. 

3-14  BRIDIE , 

Reliable  information  concerning  post-war  bridges  vras  not  avail- 
able in  this  office;  however,  locations  of  important  bridges  as  taken 
from  maps  ere  indicated  on  the  river  profiles,  Plates  4a  to  4e. 
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HYD  TO  LOGIC  CHARACTERISTICS 


3-OI-  GEJfERAL  • 

a.  Information  regarding  river  stage,  discharge,  flow  duration 
ai-ri  velocity  are  presented  in  generalized  graphical  fom  insofar  as  pnacti- 
cal  to  facilitate  application  of  the  data  to  specific  military  problems. 

The  cited  references  should  be  utilized  for  supplanentary  data, 

b.  Available  hydiologic  records  for  the  Austrian  portion  of  the 
DRAU  (DRAVA)  River  basin  are  fairly  complete,  except  for  the  period  between 
1934  to  1947.  Publication  of  records  for  that  period  lias  been  delayed 
because  of  the  war.  Available  hydrologic  records  for  the  Yugoslavian  and 
Hungarian  portions  of  the  basin  are  scanty  and  incomplete.  Continuity  of 
records  has  been  hindered  by  the  frequent  political  and  territorial 
changes  in  the  region, 

3-02.  CLIMATOLOGY . 

The  climate  of  the  DRAU  River  basin  i s mainly  of  the  continental 
type.  Generally,  rainfall  is  greatest  duriiig  the  simmer,  especially  in 
the  mountainous  regions.  Snorr  cover  i3  heavy  in  the  mountains  arid  melts 
during  the  spring,  creating  flood  conditions  in  May  and  June,  The  streams 
in  the  hi^ilands  freeze  during  extreme  winters  only  in  those  spots  where 
stream  velocity  is  low;  those  in  the  lowlands  sometimes  freeze  for  a maxi- 
mum of  6b  days  between  December  and  March,  Rainfall  records  for  AUSTRIA 
are  published  in  Reference  43;  records  for  YUGOSLAVIA  are  published  in 
Reference  49,  Additional  information  on  climate  may  be  found  in  References 
12,  13  and  50  through  53.  The  seasonal  variation  in  precipitation  is 
illustrated  by  the  following  tabulation  based  on  data  in  References  50  and  53 I 

HEW  MONTHLY  PRECIPITATION  (Inches) 


KLAGSKFURT 

GR..Z 

CAKOVEC 

OSIJEX 

46P37*W 

47°04'M 

46o23*  IJ 

45°33*N 



14°1B‘E 

15°28»E 

l6°26*E 

18°42*E 

Jan 

1.3 

0,9  f -in , 

2.0 

1.3 

Feb 

1,2  in. 

1.0 

1.5  Kln. 

1.2  Min, 

Mar 

< •<- 

i n 

-*•,  • 

2.6 

1.6 

Apr 

2,6 

2*7 

3.4 

2.4 

flay 

3.5 

3.1 

3.5 

3.0 

Jun 

4.5 

4.7  Max. 

4.3 

3.1  Max 

Jul 

4.6 

4.6 

3.9 

2.4 

Aug . 

5.0  Max, 

4.5 

4.1 

2.3 

Sap 

4.3 

3.4 

3.7 

2.2 

Oct 

4.6 

3.2 

4.4  Max. 

2.5 

Nev  t- 

2.6 

1.8  : 

2.6 

2.0 

Dec 

1,9 

Jktl 

2,2 

-1*2  ■ 

Year 

33.3 

32.9 

38.2 

25.7 

Years  of  Record 

- 

— 

49. 

29, 
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3-03  STREAM  GAGING  STATIONS  . 

A number  of  stream  gager,  have  been  established  on  the  DRAU 
River  and  its  tributaries.  Stago  records  and  other  data  for  tho  more 
important  Austrian  stations  may  be  found  in  References  48  and  51,  and 
for  Yugoslavian  stations  in  References  54,  55  and  56.  Locations  of  key 
stations  are  shown  on  the  General  ’top,  Plate  1,  and  on  the  stream  pro- 
files, Plates  4a  to  4o,  Pertinent  gage  data  extracted  from  the  above 
references  are  summarized  in  Table  3« 

3-04  river  stages. 

a.  Records.  The  mean  and  extreme  stages  of  record  are  tabu- 
lated in  .Tabic  3.  The  data  show  were  extracted  from  sources  listed  in 
previous  peraeraph  3-03  and  cover  various  periods  of  record.  As  indicated 
in  Table  3,  gage  locatims  and  gage  zeros  7 fere  often  changed,  Stage3 
recorded  in  various  yearbooks  arc  referenced  to  different  gage  zeros. 

Care  should  be  exercised  in  comparison  of  stages  so  that  proper  gage 
zems  are  used.  The  effect  of  ncrrrl  operation  of  the  hydroelectric  dams 
is  believed  to  be  slight  aa  most  of  than  are  *run-of-tho-rivcr»  plants 
and  do  net  store  large  quantities  of  water. 

* 

b.  Stage  Variation.  Soasonal  stago  variation  i3  illustrated 
on  the  graphs  of  mean  monthly  stages  presented  on  Plates  6a  to  6c.  Tho 
winter  suagos  arc  low  due  to  ligvt  procipitation  and  to  retention  of 
snow  in  tho  mountains j melting  of  snow  and  ice  produces  high  stages  dur- 
ing the  spring  months  of  May  and  June.  In  most  cases  this  is  followed 
by  a short  period  of  low  stages,, but  the  heavy  suntner  rains  again  produco 
high  stages  during  July  and  .August,  often  lasting  until  the  start  of  the 
autum  drought  period  in  September  or  October,  The  double  seasonal 
cyclic  stago  variation  is  not  as  pronounced  in  the  DRAU  Basin  aa  in  the 
SAVA  River  basin  to  tlio  3outh.  As  indicated  on  the  depth  profile, 

Plate  5,  moan  hi^i  water  (MH57)  stages  average  from  2 to  3 meters  higher 
than  mean  water  (MW)  stages.  Mean  lcr.7  water  ,(MNW)  averagos  about  1 m 
below  mean  water  (MW)  3tagos,  The  ranges  between  high  and  low  stages  at 
representative  stations  on  the  DRAU  and  WR  Rivers  are  shown  in  the 
following  tabulation t 


* 

River 

Range  of  Stage  (m) 

• Stream 

Station 

VW. 

HHW-NmT 

DRAU  R, 

LJENZ 

369  * 

2.9 

2.0 

• , 

VILL'.CH 

. 257 

6.0 

3.1 

PTC.T 

44 

5.5 

2,4 

,,  . 

ORMOZ 

12  ' 

3.8 

3 (cat.) 

B0T0V0 

* • -63  ’ 

5.6 

4 • 

D.  MROLJAG 

-190  ' 

5.1 

4 » 

MUR  R. 

ST.  MICHAEL 

• 297 

4.3 

No  data 

, 

EROHNLEITEL' 

210  k 

3.3 

% 9 

’'/ELDON 

155  * 

4.4 

n tt 

& 

““CGnfi  dein^a. 

4.1 

» n 
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c»  Stage  Duration « Stage  duration  curves  for  several  key 
e tat  ions  ;n  tho  DRAU  and  MBR  Rivera  arc  shown  cn  Plates  7a  and  7b  • 

These  curves  show  the  percent  of  time  that  a given  stage  nay  bo  expected 
to  be  equalled  or  exceeded;  Those  for  •Austrian  stations  t;cto  derived 
from  discharge  duration  curves  given  in  Reference  14}  those  for  Yugo- 
slavian stations  were  taken  froni  stage  duration  curves  givoi  in  Roforonco 
55»  The  median  stage  (that  oquallod  or  exceeded  50  porcont  of  the  time), 
shown  on  Plates  7a  and  7b,  should  not  be  confused  with  the  mean  stage  (an 
arithmetical  a vertigo)  given  in  Table  3t  Comparison  of  representative 
median  and  mean  stages  follows* 


Stream 

Station 

River 

Km 

Stapes  (cm) 

Mean  (Wf>  Median 

(Table  3)  (Plate  7) 

DRAU  R, 

M/JOBOR 

73 

108 

100 

MURR, 

FR0HNLEI7FN 

210 

222 

215 

3-05 

RIVER  DT  SCR'.  RGBS. 

0 

a.  Records « Available  official  published  records  of  river 
discharges  for  streams  in  the  DRAU  River  basin  arc  scanty  and  incomplete. 
The  discharge  data  summarized  in  Table  3 and  shorn  on  tho  discharge  pro- 
file of  Plate  5 represent  estimates  derived  by  application  of  the  pub- 
lished stage  data  to  the  stage-discharge  relation  curves  described  in 
the  next  sub-paragraph, 

b.  5tago-Di3Charne  Relation,  -verago  stage-discharge  rating 
curves  for  key  stations  in  the  DRAU  River  ba3in  are  presented  on  Plates 
8a  to  3d,  These  curvo3  were  estimated  from  the  scanty  observed  discharge 
measurements  and  equivalent  st a go-dis charge  statistical  data  contained 

in  Refer one as  48,  51  and  55, 

c.  Discharge  Variations,  Stream  discharge  follows  the  same 
seasonal  nattom  of  variation  C3  the  stage,  (3oe  paragraph  3-04b)» 
Estimates  of  mean  and  extreme  discharges  arG  included  in  Table  3 for 
stations  vdior c data  were  available.  The  profile  of  mean  ("Q)  and  near 
high  (WHQ)  discharge  illustrates  the  manner  in  which  discharge  increases 
as  one  progresses  dornstreern,  Tho  following  tabulation  sumnarizes  mean 
and  maximum  discharges  at  representative  key  stations  cn  the  DRAU  River* 

s 

Discharge  (n^/soc) 


River 

Mean 

Maximum 

3tation 

Km 

[£. 

Period 

HH a : Date 

LAVAJIT 

362 

42 

1924-30 

"i  t 

800  14-9-03 

VlLLACH 

257  • 

150 

1924-33 

1900  3-13-51 

NEUBHUEDKE 

185 

2S0 

1924-33 

2400  13-10-89 

mAribor 

73 

340 

1923 

2600  15-9-03 

D.  MIHDUAC 

-190 

650 

1926 

3000  12-3-91 
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3-05 

d.  Dla charge  T>uratfon.  The  percent  of  time  that  a given  dis- 
charge "nay  be  expected  to  be  equalled  or  exceeded  is  shown  on  the  dura- 
tion curves  of  Plates  7a  and  7b*  These  curves  were  derived  as  discussed 
in  paragraph  3-04c« 

. • i 

3-06  RIVER  VELOCITIES. 

a.  General.  The  velocity  of  stream  flow  varies  according  to 
the  conformation  of  the  river  bed,  depths,  obstructions,  restrictions, 
local  variation  of  slope,  etc.  Channel  improvements  and  cutoffs,  train- 
ing wall3  and  levees,  operation  of  dams  and  other  modifications  of 
natural  conditions  appreciably  affect  the  stream  velocity*  Influent 
rivers  in  flood  tend  to  elevate  the  main  river  waters  at  the  point  of 
confluence.  Accordingly,  cor  relations  between  river  stages  and  surface 
velocities  at  gaging  stations  cannot  bo  interpreted  as  applicable  to 
all  points  along  the  adjacent  river  sections,  but  only  serve -a3  general 
indications . 

b.  Surface  Velocities.  Insufficient  basic  information  con- 
cerning the  hydraulic  characteristics  (cross-sectional  area,  wettod 
perimeter,  water  surface  slope,  roughness  factor,  etc.),  was  available 
to  permit  accurate  determination  of  stream  velocities.  Estimates  were 
based  on  velocities  observed  during  discharge  measurements  at  gaging 
stations  as  recorded  in  References  48,  51  and  55,  and  on  average  veloci- 
ties given  in  References  2,  5,  9 and  10.  The  recorded  velocities  were 
assumed  to  be  mean  cross-sectional  velocities,  and  were  Increased  by 

18  percent  to  indicate  the  mean  surface  velocities.  As  indicated  in  the 
velocity  studies  described  in  Roforenco  57,  the  ^can  cross-sectional 
velocities  should  be  increased  by  25  to  75  percent  to  obtain  the  maximum 
surface  velocities  likely  to  be  encountered  during  crossing  operations. 
Estimated  mean  surface  velocity  ratings  at  the  gaging  sjiations  are  pre- 
sented on  Plate  8,  Velocity  profiles  at  rVf  and  MIFf  appear  on  Plate  5» 
Mean  surface  velocities  at  selected  stations  on  the  DRAfl  River  for  mean 
water  (MS?)  and  mean  high  water  (MKT)  conditions  are  tabulated  below  to 
indicate  the  general  trend  of  stream  ve loci ties* 

Mean  Surface  Velocities  (m/spc) 


Station 

Sn 

m 

MH7T 

08EHDRAU3URG 

350 

1.6 

3.0 

FEISTKTZ 

278 

1.8 

3,6 

ROSEGG 

239 

1.8 

2.6 

NEUBRUECKE 

185 

1.8 

3.1 

MAH3B0R 

73 

2.0 

3.0 

PTUJ 

44 

2.4 

3.0 

BARDS 

-111 

2.6 

3.9 

D.  MIHOUAC 

-190 

1.0 

1.2 
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c.  Flo  d V/avc  Travel  Tiiiic . Examination  of  flood  crest  times 
of  27  natural  floods  that  occurred  during  the  period  from  1903  to  1932, 
as  recorded  in  the  official  Austrian  Hydrologic  Yearbooks  (Ref or  cnee  48) 
revealed  considerable  variation  in  rate  of  travol  of  various  flof>d  peaks# 
An  estimated  average  rate  of  travel  of  natural  flo  >d  waves  on  the  DRAU 


River  derived  from  ■ 

bho:;o  floods,  follov/S: 

DRAU  RIVER.  REACH 

River 

Km 

Average  Travel 
Rate  of  Peak 
(km /hr) 

ISEL  R.  - WELL  R. 

340  to  310 

13 

WELL  R.  - GAIL  R, 

310  to  250 

11 

GAIL  R,  - GUR”  R, 

25O  to  190 

9 

GURK  R.  - LA VAN T R. 

190  to  140# 

8* 

LAVAHT  R.  - PEaf’ICA 

R.*  HO  to  13 

7* 

^Operation  of  the  DRAU  River  dans  (Serial  Nos#  1-6),  built  since  1932 
between  SCirrADECK  (Km  153)  and  f'ARIHOR  (In  7o)  would  alter  flood  wave 
travel  dorm  stream  from  those  structures. 
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ARTIFICIAL  FLOODING  POTEJITIALITIES 


4-01  GHIJRAt, 

a.  Tha  term  *artificial  flood*  as  used  in  this  roport  applies 
to  any  major  increase  in  the  extant  of  flooding,  over  that  normally 
prevailing  with  existing  developments,  that  is  brought  about  by  manipu- 
lation of  oontrol  structures,  breaching  of  dams  or  levees,  or  temporary 
damning  operations  desiged  to  create  flooding  conditions.  Applications 
of  artificial  flowing  considered  in  this  report  fall  into  the  following 
four  general  categories* 

(1)  5 till- water  barriers,  created  by  flooding  land  to 
form  water  obstacles,  using  such  means  as  breaching  lovee3,  diverting 
flow  from  canals,  raising  crc3ts  of  existing  dams  or  constructing 
temporary  dams, 

(2)  Drainage  obstacles  or  mud-flats f in  which  the  wetness 
of  the  soil  is  increased  to  form  muddy  or  marshy  conditions  that  would 
impede  military  traffic,  brought  about  by  disrupting  the  normal  drainage, 
destroying  pumping  and  drainage  facilities  used  to  drain  marshy  or  low 
land,  or  by  Inducing  shallow  inundation  of  flood-plains  or  reclaimed 
land,  Nfod-flats  nay  also  be  formed  by  draining  areas  normally  inundated 
by  reservoirs  or  ponds, 

(3)  StrcCT  flow  variations,  in  vMch  changes  in  dis- 
charges, depths,  velocities  end  rddths  of  streams  are  brought  about  to 
hinder  stream-crossing  operations  or  navigation  such  as  might  bo  accom- 
pli shed  by  opening  and  closing  outlet  -works  of  water  control  structures, 

(4)  Major  flood  wavesf  creatod  by  sudden  breaching  of  a 
dam  to  release  large  quantities  of  impounded  rater, 

b.  Certain  opportunities  exist  for  effective  uso  of  these 
artificial  floods  in  the  DRAU  (DRAVA)  River  basin.  This  section  presents 
a revievT  of  the  potentialities  and  a quantitative  evaluation  of  the 
hydraulic  effects,  Keferencc  should  bn  made  to  Section  V for  discussion 
of  associated  military  factors, 

c;  Brief  estimates  of  artificial  flooding  possibilities  by 
British,  German  and  Hungarian  military  sources  are  included  in  the  docu- 
ments listod  in  the  Bibliography  ns  References  7,  9,  10,  and  58, 

4-02  ST1 LL-^ATER  BARRIERS  AND  DRAINAGE  OBSTACLES, 

» 

a.  General,  The  3tudie3  reviewed  in  this  paragraph  pertain 
to  artificial  flooding  produced  by  creation  >f  3iill-wa ter  barriers  and 
drainage  obstacles  along  the  DRAU  and  MUR  Rivers,  The  studies  were 
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largely  based  on  a map  study  using  li50, 000  maps  of  the  G.S.G.S*  4229, 
4529  and  4734  series.  Exact  determination  of  elevations,  contours  and 
boundaries  from  thnomaps  rras  difficult)  however,  the  results  of  this 
study  are  believed  t<>  offer  good  indications  of  the  relative  possibility 
of  such  flooding*  First  hand  lnfoxirdtlon  should  bo  obtained  by  local 
reconnaissance  regarding  ground  elevations  and  the  locations,  elevations, 
and  dimensions  of  levees,  roadfills,  and  culvorto  in  the  vicinity  of 
specific  barriers  in  order  to  accurately  establish  the  area  subject  to 
artificial  flooding* 


b»  Hydrologic  Considerations* 


(1)  The  effect  of  artificial  flooding  is  largely  con- 
tingent up'm  the  natural  hydrologic  conditions  prevailing  at  the  time 
of  the  operation*  The  v~>lunic  of  water  stored  and  available  within  the 
basin,  the  stream  discharge  and  the  river  stage  are  important  factors 
influencing  the  effectiveness  of  still-watar  barriers*  Reference  is 
made  to  Section  III  of  this  report  for  detailed  description  of  hydrologic 
characteristics  of  the  basin  and  to  Section  II  for  description  of  physical 
features  such  as  stroam  and  rcsorvuir  dimensions* 


(2)  Attention  is  directed  to  the  wide  range  between  high 
and  low  stream  flows  shown  in  Table  3 and  on  Plato  7 and  discussed  in 
paragraph. 3-05 • The  following  mean  natural  discharges  wore  used  in  this 
study  to  estimate  the  average  stream  flow  available  for  supplying  water 
for  stiU-'.rater  barriers  and  drainage  obstacles 5 


River  Roach 


Average  Moan 

PAgfitarea. . trir/sf**! 


MUR  RADKERS3URG  - DRAU  R.  125 

DRAU  VILLACH  - G'JRK  R.  200 

VAK 3B0R  - VARAZDTN  300 

VARAZDIN  - 30TOV0  500 

B0T0V0  - Dc  TJILHOLIAC  600 


c*  Means  of  Creating  Stlll-Tater  Barriers  and  Drainage 

Obstacles* 


(l)  The  water  ubstaclo  afforded  by  the  natural  stre-ans 
in  the  DRAU  and  MUR  River  basins  could  be  increased  by  utilization  of 
one  or  marc  if  the  following  neons  j 


(a)  Creation  uf  still-water  barriers  by  construction 
of  temporary  dams  at  bridge  sites,  combined  with  closing  of  culverts  and 
other  openings  in  levees  and  road  fills* 


(b)  Inundation  »f  1 .wlands  along  the  streams  by 
broaching  dikes  and  levees  and  jpening  of  flo.d  pates  in  lcve.es « 


age  outlets* 


(c)  Inundation  uf  Inlands  by  closing  normal  drain- 
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(2)  Increasing  the  pool  hei£frt  of  the  existing  hyiro- 
eleotric  power  dams  and  wire  located  on  the  DRAU  and  MUR  Rivera  would 
probably  not  appreciably  increase  the  extent  of  the  obstacle  afforded 
by  the  upper  pools  at  those  structures,  due  to  the  steep  stream  grad- 
ients and  high  banks  prevailing  at  the  location  of  those  dams. 

t ■ 

‘ (3)  In  order  to  obtain  quantitative  evaluation  of  the 

potential  artificial  flooding  at  various  locations,  analyses  were  made 
on  barrio rs  resulting  from  temporary  damning  to  heists  of  2 to  9 meters 
above  moan  water  (pfflf)#  The  assumed  heights  of  tho  temporary  dsns  were 
established  at  the  minimum  elevation  that  would  produce  significant 
still-water  barriers.  In  this  study,  it  was  assumed  that  the  surface  of 
the  pools  above  tho  temporary  dams  would  be  level  and  that  mean  water 
conditions  would  prevail  at  the  timo  of  the  operation.  During  high  water 
conditions,  greater  flooding  could  be  expected  due  to  the  increased  slope 
of  the  water  surface  upstream  from  the  temporary  dsrns. 

* 

d.  Effect  of  Still-^fater  Barriers. 

(1)  General. . The  effects  of  artifioial  flooding  created  by 
temporary  dimming  operations  on  tho  DRATJ  and  MUR  Rivers  are  swmnrlzed  in 
Table  5 and  the  extent  of  inundation  indicated  on  Plates  10a  and  10b. 
Potential  drainage  obstacle  sites  are  indicated  in  the  notes  of  Table  5 and 
the  locations  and  approximate  extant  shown  by  symbol  an  Plates  10a  and  10b* 
The  flooding  produced  by  temporary  darning  operations  would  cover  isolated 
areas  ranging  from  2 to  7 tor,  long  and  from  0.5  to  7 ten  wide.  Formation  of 
continuous  overbank  flooding  by  means  of  temporary'  dams  is  not  considered 
practicable  in  this  area.  Insufficient  topographic  data  were  available  to 
permit  analysis  of  the  effects  of  blocking  natural  drainage  along  the  MUR 
and  DRAU  Rivorsj  however,  it  appears  that  such  disruption  of  natural  drain- 
age would  c 'nsidcrably  increase  the  extent  of  natural  marshy  and  swampy 
areas  along  those  rivers.  Review  of  tho  effects  of  still-water  barriers 
and  drainage  obstacles  in  specific  reaches  of  tho  DRAU  and  MUR  Rivers 
follows  * 

(2)  DRAU  Rivor-LIENZ  (Khi  369)  to  VHJACH  (ten  257).  Above 
VILLACH  the  DRAU  River  generally  flows  through  a steep  narrow  valley. 

The  steep  gradient,  high  bonks  and  generally  narrow  valley  floor  make  the 
creation  of  obstacles  by  temporary  damming  bporations  impracticable. 

(3)  DRAU  River- VILLACH  to  OURK  River  (Km  188).  At  VILLACH 
the  valley  floor  widens  considerably.  The  banks  in  this  reach  are  generally 
highj  however,  erection  r. f a temporary  dun  t»>  a height  5 ra  above  mean  water 
at  the  Road  Bridge  noar  KAPPL5,  Site  No.  1,  (Kn  212,5)  would  form  a pool 
2*5  km  long  and  averaging  0,5  km  wide.  Tho  swamps  immediately  -south  of 
KLAGENFURT  oould  probably  be  utilized  as  a drainage  obstacle  by  blocking 
tho  natural  drainage  of  the  GLANFURT,  GLAN,  and  OURK  Rivers  in  the  area. 

As  indicated  on  Plato  10a,  this  swampy  area  ooupled  Tilth  the  W3ERTHER  SEE 
would  form  £ continuous  obstacle  approximately  22  km  long  and  rou#jly 

paralleling  the  DRAU  River  7 to  10  ten  north  nf  the  left  bank. 

* 
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(4)  DRAU  Rlvor-CoRfluonee  of  QURK  River  to  MARIBOR  (Km  72), 
Bolow  tho  confluence  of  the  GURX  River  the  BRAU  River  enters  a deep  sorgo. 
Tho  steep  vralls  and  narrow  flour  of  the  valley  makes  the  croation  of 
still-water  barriers  in  this  reach  impracticable.  Tho  pools  of  tho 
SCff.TABECK,  UVAMUEHD,  DRAVOGRAD,  VUZBOBA,  FALA  and  MARIBOR  power  dans 
(Serial  Nos.  1-6)  form  a practically  continuous  obstacle  ranging  in  dqpth 
from  3 to  25  m,  although  the  width  averages  only  about  170  m. 


(5)  DRAU  Rivon-MARIBOR  to  D.  MIIPLJAC  (ten  -190  . Below 
MARIBOR  the  DRAU  River  enters  a relatively  vride  valley . In  this  reach 
the  river  noanders  considerably.  At  naan  water,  the  river  width  varios 
from  100  to  200  m,  As  indicate  in  Table  5 and  on  Plate  10b,  the  effec- 
tive vddth  of  portions  of  the  river  could  be  increased  by  blocking  of 
the  following  bridges!  the  RR  Bridge  at  PTUJ,  Site  No,  2,  (ten  43.7)} 

Road  Bridge  at  OIMOZ,  Site  No.  3,  ('fa  13.3)}  RR  Bridge  at  BARGS,  Si  to 
No.  6 (ten  -114);  and  the  RR  Bridgo  at  Site  No,  7,  (ten  -148),  The 
resulting  obstacle  would  largely  bo  due  to  swanping  of  the  areas  between 
the  noanders  and  to  flo«xling  cxf  old  meander  bods.  Overbank  flooding 
could  be  created  by  operati  ms  at*  V..RAZBIN,  Site  No.  4,  (ten  — 8.9); 

B0T0V0,  Site  No.  5,  (’fa  -68)j  and  D.  MTH0L.TAC  , Site  No.  8,  (ten  -190), 

As  shown  in  Table  5 and  .jn  Plato  10b,  the  erection  of  a temporary  dam 
at  the  Road  Bridgo  in  VARAZDIN,  Site  N . . 4,  to  2 n above  moan  water 
would  form  a barrier  4 kn  long  and  averaging  1 to  2,5  ten  wide.  A 
temporary  dan  9 n above  mean  -.rater  at  the  RR  Bridge  near  BOTOVO,  Site 
No.  5,  would  create  a pool  6 kn  long  and  approximately  5 to  7 tea  vd.de. 

The  barrier  formed  by  a temporary  dan  with  top  elevation  at  3 m above 
moan  water  at  the  RR  Bridge  in  D.  MIH3L-JAC  , 3ito  No.  8,  would  bo  5 km 
in  length  and  ^-5  ten  in  width,  As  shown  on  Table  5,  those  pools  would 
be  relatively  shallow  averaging  1 m >.T  loss  in  depth.  The  large  swampy 
area  north  of  the  river  between  LEGRAD  ('fa  -55)  and  B.JCS,  (ten  -111) 
shown  on  Plate  10b,  c:  uld  probably  be  utilized  to  form  an  effective 
drainage  obstacle. 

(6)  MUR  River.  From  it3  sjutco  te  RADKERSBURG*  (ten  101) 
tho  steep  gradients  and  the  generally  narrow  valloy  make  the  croation  of 
still-wator  barriers  by  temporary  darning  operations  impracticable.  At 
the  RADKERSBURG  RR  Bridgo,  Site  No,  9,  (Ifa  100,8),  orection  of  a temporary 
dam  to  elevation  210  m.u.A.  (MT+5.4  rn),  would  create  a still-water 
barrier  approximately  7 ten  long  and  from  3 to  4 tai  wide.  Between  tan  100 
and  tan  50,  the  USDAVA  and  DOB  EL  Rivers  run  in  Icvoed  sections  parallel  to 
and  from  4 to  10  ten  n.rth  >f  the  MUR  River,  The  land  lying  botvreen  thoso 
rivers  and  the  MUR  River  appears  to  bo  flat  and  is  probably  subjoct  to 
flo  ding.  In  this  section  blocking  of  the  RR  Bridge  near  7ERZEJ, 

(ten  81.2)  and  of  .the  RR  Bridge  at  MURSKO  3SEDISCE,  Site  No.  10,  (ten  52,7) 
would  orobably  cause  considerable  inundation.  At  the  RR  Bridgo  near 
KDBORIBA*  Site  No,  11,  (ten  9.0)  flooding  of  old  meander  bods  for  a dis- 
tance of  3-4  km  upstream  from  tho  bridge  is  possible  by  orocting  a tan- 
porary dam  5 m above  moan  water  (ooo  Table  5 ot  Plato  10b),  There  do  not 
scan  to  be  ary  other  suitable  sites  for  significant  still-water  barriers 
along  tho  MUR  River. 
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c.  hfatar  Requirements  of  3tiU-"fatcr  Barriers* 

u 

(1)  The  volume  .if  rater  required  to  effect  the  artificial 
flo  dinn  •*n  the  MUR  and  DRAU  Rivers  described  in  tho  preceding  paragraphs 
and  ah  <wn  in  Tabic  5 and  on  Pintos  3j0a  and  ICto,  together  with  the  estima- 
tod  tine  required  for  filling  at  tho  avorago  moan  rates  ,f  flow  given  in 
paragraph  4-02b,  arc  apnroximately  ns  followst 


Water  Requirement 

Approximate 
filling  Time 

Site  No. 

Location 

frtlllira  m3) 

(hrs.) 

MUR  Rivor 
9 

RADKER33URG 

18,0 

40 

DRAU  River 

1 

KAPPLE 

1.5 

2 

4 

VARA3DIH 

8.0 

5 

5 

B0T0V0 

35.0 

19 

8 

D.MDiOLJAC 

20^0 

10 

82,5 

(2)  The  rater  stored  in  the  hydroelectric  reservoirs  of 
the  b'  in  (described  in  paragraph  2-10),  could  be  used  t supplement 
natur  J.  "low  for  filling  of  stiU-*/a.tcr  barriers . The  100  million  m3  in 
the  DRAU  ..Ivor  SCHTABIEN-WuRlBOR  gr.up  (Serial  Nos.  1 to  6)  would 
suffice  for  filling  of  still-water  barriers  jn  the  lower  DRAU  River, 

That  storage  could  be  released  in  about  15  hours  by  opening  the  large 
weir  gates.  The  flew  would  take  about  2 days  te  nrrivo  at  D.  MIHDUAC, 
tho  farthest  downstream  still-wntor  barrier. 


(3)  Although  about  13  million  m3  of  rater  are  contained 
in  the  PACK,  HIERSMANN  and  LANGMAII  Rescrv  -irs  of  the  TSIGITSCH  group 
(Serial  Nos.  7 and  S),  the  dams  would  have  to  be  broached  in  order  to 
release  the  stored  water  in  a reasonable  time  to  supplement  natural 
flow  for  filling  of  still-rater  barriers  al-ng  tho  MUR  River.  Tho 
discharge  of  the  button  uutlet3  if  these  structures  is  so  small  (loss 
than  10  m3/soc,  as  described  in  paragraph  5 of  Exhibit  B),  that  over  a 
month  would  be  required  t-  empty  the  reservoirs.  Exact  data  concerning 
the  storage  capacities  and  the  ,utlct  discharge  capacities  of  tho 
numerous  small  dams  an  the  MUR  River  (sh  wn  on  tho  general  map,  Plato  1, 
and  «.ii  the  stream  pxufilo.  Plates  Ad  and  4o)  are  nut  available.  Mtva— 
evor,  the  total  storage  probably  docs  n t exceed  about  10  million  m?.  ; 
By  opening  of  tho  sluice  gates  in  the  weirs  and  canals,  this  water  could 
bo  released  to  3upplerent  natural  stream  flow  in  filling  uf  tho  RADKERS- 
BURG  still-water  barrier  (Site  No,  9)  or  other  prasiLlo  barriers  on  tho 
MUR  Rivor  or  lrwer  BRAU  River  snotr.  on  Plato  ICfo  and  listed  in  Table  5. 


4-03  STREAM  FLCFT  VARlATICtlS  , 


a.  General.  The  studios  in  this  paragraph  pertain  to  the 
artificial  flooding  that  might  be  produced  along  the  DRAU  River  by 
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release  of  water  from  the  gated  openings  of  the  DRAU  River  hydroelectric 
power  dams  at  SCHWA3EEK,  LAVAMUEJD,  DRAVDGRAD,  VUZEMCA,  FALA,  and 
MARIBOR,  Inasmuch  as  the  area  of  the  openings  approach  that  producible 
by  breaching  of  the  structures,  these  *flow  variations*  night  be  con- 
sidered as  %njor  flood  waves**  However,  in  conformance  with  the 
definitions  set  forth  in  paragraph  4-01,  those  releases  from  the  gated 
openings  are  considered  a3  *stream  flow  variations"  for  purposes  of 
this  study.  The  flow  variations  may  be  repeated  to  produce  cyclic 
effects,  dependent  upon  replenishment  of  reservoir  storage.  Reference 
is  made  to  paragraph  2-10  and  Exhibit  A for  description  of  tho  darns, 
to  Plate  1 for  locations,  to  Plates  9a  and  9b  for  sketches  of  the 
structures,  and  to  Table  4 for  sunmary  of  data.  The  dams  are  desig- 
nated as  Serial  Nos,  1 to  6,  inclusive.  Insufficient  data  were  avail- 
able to  permit  similar  studies  of  the  effect  of  releases  from  the  other 
hydroelectric  projects  listed  in  Table  4. 

b.  Hydrologic  Considerations. 

(1)  Tho  river  stage  and  discharge  existing  at  the  time 
of  release  of  flow  from  a d«m  greatly  influence  the  effects.  Natural 
flew  conditions  in  the  DRAU  River  vary  considerably,  as  discussed  in 
Section  in  and  indicated  on  Plates  5 and  6.  In  this  3tudy,  the  assumed 
base  flat  in  the  river  at  the  start  of  the  artificial  flow  variations 
approximates  moan  water  conditions, 

(2)  Reservoir  storage  also  influences  the  effectiveness 
of  flow  releases,  Tho  pools  might  be  expected  to  be  full  during  the 
spring  and  summer,  but  possibly  only  partly  full  during  the  autumn  and 
winter.  Reservoir  storage  capacity  curves,  shown  on  Plates  11a  and  lib 
were  ostimted  from  meager  data  contained  in  Exhibit  A supplemented  by 
topographic  map  information.  In  this  3tudy,  two  reservoir  conditions 
were  considered,  namely: 


O 


VUZENICA  dam). 


(a)  All  six  reservoirs  full  (including  the  incomplete 


(b)  SCFTTARECK  reservoir  full;  the  others  assumed  as 
being  empty  or  destroyed, 

(3)  The  possibility  of  cyclic  roleases  from  the  reser- 
voirs depends  upon  the  rate  of  refilling  of  tho  depleted  storage.  Re- 
filling of  dowistreaw  dams  can  be  facilitated  by  release  of  stored  water 
remaining  in  upstream  pools,  if  g-ates  and  structures  are  intact,  Under 
noraal  mean  flow  conditions,  tho  entire  group  can  be  refilled  in  about 
4.5  days.  A tabulation  of  estimated  storage  capacities  and  average 
filling  times  under  moan  water  conditions  follows: 
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Estimated 
Storage. 
(million  nr) 


Wean 

Inflow 

tezJ.§99) 


| 

ft 

9 

£ 

i? 

i 


SCHWAB  EC  K 

25.0 

275 

LAVAMUEND 

6.8 

• • 

DRAVOC-RAD 

11.0 

« 

VUZiKICA 

19.0 

■ 

FALA 

16.7 

« 

'^ARIBOR 

27.0 

• 

TOTAL 

105.5 

TiULlg 

time 

(hrs.) 


25 

7 

11 

19 

17 


(4)  When  flow  overtops  tho  stream  banks,  an  appreciable 
*,  volume  of  -.Tatar  is  retained  behind  onsbankrnonts  and  in  depresoions  nn  tho 

flood-plain  and  loot  through  evaporation,  seepage,  etc.  For  example, 

39*5  percent  of  tho  water  disohargod  from  the  EDER  DAK  breach  of  May  1943, 
was  lost  in  the  passage  of  the  flood  vmvo  to  INTSCHEDE,  426.6  km  below 
tho  dam  (see  References  59  or  60).  Consequently,  in  this  study,  it  wa3 
assuned  that,  for  each  10  km  of  travel  below  MARBOR  (Km  76)  1 percent  of 
the  volume  of  discharge  would  be  lost  or  retained  on  thq  flood  plain* 
Since  the  roach  between  SCHWAB  EG  K and  KARI80R  lies  in  a narrow  valley 
vrlth  stoop  high  banks  and  includes  tho  reservoir  area  of  the  dans,  it 
. was  assuned  that  volume  losses  \?>uld  be  negligible  in  that  section  of 

the  river . 


c . .Moans  of  Creating  Detrimental  Flow  Variations.  Sudden 
opening  of  one  or  more  of  tho  large  gates  of  the  DRAU  River  dams  would 
produce  detrimental  flaw  variations  in  the  DRAG  River  downstream  from 
those  structures.  Plates  Ha  and  lib  show  estimated  discharge  capacity 
curves  for  the  dams,  based  on  hydraulic  data  contained  in  Exhibit  A, 

A tabulation  of  discharges  under  normal  pool  conditions  follows: 


f 5 

Normal 

All  Gates  Open 

Pool 

No. 

Discharge 

Dam 

^SaSjdr.%1 

Gatos 

i 

(m3 /sec) 

SCIFTABECK^ 

371.0 

4 

8500 

LAVAMUEND 

350.5 

4 

5500 

DRAV0GRAD 

341,5 

4 

5500 

IfUriTWTT^  A 

wu^ri'iion 

* AHA  am 

JWO 

4 

8500 

fala 

280,8 

5 

8000 

KAR330R 

267.2 

4 

8500  > 

d,  Effects  of  Detrimcntrl  FI  or:  Variations. 


(1)  General.  The  effects  of  detrimental  flow  variations 
produced  by  releases  from  tho  gated  outlets  of  the  six  DRAM  River  dams 
are  svrmar’ized  in  Table  6.  Tho  resulting  discharge,  depth,  and  velocity 
profiles  of  the  crests  of  those  releases  are  plotted  on  Plate  12  and 
representative  stage  hydro graphs  are  shown  on  Plates  13a  and  13b.  The 
flow  variations  are  designated  for  purposes  of  identification  as  follows! 


IV-7 
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Artificial  Flood  No.  Initial  Dam  Conditions 


' 1 
2 

3 

4 


All  6 dans  full 
do 

SCHVfASECK  full;  others  empty 
, do 


Qntec  Opened 

An 

One* 

All*# 

One** 


*Ono  of  four  gatc3  opened  at  all  dams,  oxccpt  ?AL‘.  where  tv/o  of  five, 
gates  were  considered  opened* 

##At  SCHWABiSCKj  all  gates  at  other  dams  assigned  as  completely  open  or 
destroyed  and  the  reservoirs  empty « 


(2)  Artificial  Flo-.d  No.  1 involves  sudden  full  opening 
of  all  gites  in  the  six  dams,  when  all  the  reservoirs  are  full  and  an 
initial  base  flow  of '275  m^/sec  is  passing  through  the  system#  In  order 
to  achieve  maximum  effect,  it  r/as  considered  that  3CHWABECK,  L'.VAMUENT), 
DRAVOGRAD  and  VUZEJJICA  gates  are  opened  simultaneously  and  that  the  open- 
ing of  FALA  and  MARIBOR  gates  are  delayed  2 hours  after  the  opening  of 
the  upper  four  dams.  The  resulting  peak  discharge  of  9500  rv/3ec  at 
M..RIB0R  (Sn  76)  would  cause  an  increase  of  1940  m^/soc  over  base  flow  at 
D,  MIHOLJAC  (’to  -190),  266  km  bclo.7  that  dam#  River  stages  would  be  in- 
creased 2,9  m at  D,  MIKDIJAC  as  shoi/n  on  the  profiles  of  Plate  12  and 
summarized  in  Table  6.  The  stage  profile  i3  also  plotted  on  the  DRAU 
River  stream  profile,  Plates  4b  and  4c. 

(3)  Artificial  Flood  No.  2 represents  the  'variation 
resulting  from  opening  of  a single  gate  at  each  of  the  dams  (except  at 
FALA  where  2 gates  wore  considered  opened).  Similarly  to  Flood  Ho.  1, 
initial  full  pool  conditions  wore  assumed  for  all  reservoirs  as  well  as 
simultaneous  opening  of  the  four  upstroan  dams,  H<iwcvcr,  the  delayed 
opening  time  for  the  lower  two  dens  was  taken  as  4.5  hours  in  order  to 
achieve  rsximvrn  effectiveness , The  peak  discharge  at  MARIBOR  would  be 
2550  /sec,  and  the  peak  at  D.  MIHOLJAC  v/ould  be  1040  m3/soc  greater 
than  initial  base  flow  at  that  place#  Stages  there  v/ould  be  raised 

2,0  m a.3  compared  to  2,9  m for  FIo->d"No,  1#  The  duration  of  Flood  No#  2 
would  range  from  15  to  40  hours  as  compared  to  4 to  20  hours  for  Flood 
No.  1.  Comparative  effects  may  be  seen  in  Tabic  6 and  on  Plate  12. 

i 

(4)  Artificial  Flood  fly#  3 shows  the  effect  of  sudden 
opening  of  all  SCH^ABECK  Dam  gates  under  full  pool  conditions  in  that 
reservoir,  but  considering  that  the  other  five  d'/wnstrean  dans  are  empty 
and  coiiplctely  opened  or  destroyed.  In  thi3  event,  the  peak  discharge 
of  8500  m3/  sec  from  the  5CHWAB0CK  gates  would  be  reduced  to  1800  nr /sec 
at  MARIBOR  and  would  produce  only  400  m3/sec  incroaso  in  discharge  or 
1#Q  m increase  in  stago  above  base  flow  conditions  at  D.  MIHOLJAC,  as 
compared  to  1940  m^/sec  and  2,9  n for  Flood  No*.  1 at  that  location# 

This  illustrates  the  influcnco  of  reservoir  storage  volume#  Reference 
is  made  to  the  summary  of  offccts  in  Table  6 and  to  the  depth,  velocity, 
and  .discharge  profiles  of  Plato  12, 
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(5)  Artificial  Flood  No.  4 differs  from  Flood  No.  3 in 
that  only  one  of  the  four  SCffYABECK  gates  was  considered  aa  being  opened, 
other  initial  conditions  being  the  same  as  in  that  flood.  The  peak  dis- 
charge of  2125  nr  /sec  at  SCHWAB  EC  K would  result  In  a peak  flow  of 
1200  m3/sec  at  MAKIBOR.  This  would  result  in  an  increase  over  base  flow 
conditions  at  D,  MIHDLJAC  of  400  B^^sac.  identical  to  the  peak  discharge 
of  Flood  No.  3 at  that  plaoe.  This  indicates  that  the  influences  of  the 
volume  of  discharge  and  of  tiie. channel  characteristics  become  progres- 
sively more  important  factors  than  the  size  of  opening  as  the  flow 
travels  farther  downstream  from  the  point  of  initial  discharge.  Table  6 
and  Plate  12  also  3how  that  the  increase  in  discharge  and  depth  created 
by  this  flood  are  approximately  one-half  to  three-quarters  as  great  as 
those  created  by  Flood  No.  2,  in  which  all  reservoirs  were  considered 
as  being  full. 

e.  Comparison  of  Effects  of  Flow  Variations.  As  indicated  in 
Table  6 and  Plate  12,  release  of  water  from  the  gated  outlets  of  the  DRAEJ 
River  Dams  lwmld  result  in  significant  increase  of  discharge,  stage, 
and  velocity  in  the  roaches  upstream  of  BABCS,  137  km  downstream  from 
MARI30R.  The  increase  would  become  progressively  less  in  the  lower  reaches 
downs trean  from  that  location.  A similar  pattern  may  be  ascertained  re- 
garding the  width  and  depth  of  overbank  flooding.  However,  in  all  cases, 
an  extensive  area  near  the  confluence  of  the  DRAU  and  DANUBE  Rivers 
would  probably  be  subjected  to  shallow  overbank  inundation,  Maximum 
results  would  be  attained  by  opening  all  the  gates  of  the  entire  group 
of  'dams,  when  all  reservoirs  are  full.  Partial  gate  opening  (such  as 
opaning  of  a single  gate  as  In  Flood  No.  2)  would  still  produce  sigaifi- 
cant  results;  although  the  extent  of  rverbank  flooding  would  bo  appre- 
ciably reduced.  Opening  of  one  or  more  gates  in  3CHWABECK  Dam,  when  the 
other  reservoirs  are  empty  (as  assumed  in  Floods  No,*  3 end  4),  would 
produce  results  align  uly  iuuj  thsn  “those  produced  by  partial  gate  opening 
when  all  reservoirs  are  full  (as  in  Flood  Mo.  2),  Peak  values  for  the 
various  conditions  are  summarized  in  Table  6,  The  relation  of  the  various 
artificial  flow  variations  are- graphically  illustrated  on  Plate  12, 
Extracts  of  pertinent  effects  from  Table  6 at  selected  key  locations  are 
presented  below  to  facilitate  corpa  risen  between  the  various  flow 
variations  1 

Peak  Values 


Flood 

-Mi- 


Depth 

m 


Tidth 

Flooded 

3£23 — 


Overflow 
hoi#t 
.-IB 


Moan  Surface 
Velooity 
m/sec 


Duration  above 
Base  Flow 
Jg 


1 

7.5 

2-5 

4.5 

3.3 

13 

2 

4,9 

2-5 

1.9 

3.1 

32 

3 

4.3 

2-4 

1.3 

3.0 

8 

4 

3.7 

2-4 

0,7 

2,3 

20 

At  Dc  MIHOLJAC  (%> 
1 

-190) 

4.3 

0.5 

Bankfull 

1.1 

18 

2 

3.9 

0,5 

Banlcfull 

1.1 

38 

3 

2.9 

0,5 

Within  banks 

1.1 

13 

4 

2.9 

0,5 

Within  banks 

1.1 

22 
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4-04  MAJOR  FLOOD  WAVES, 

a.  General.  The  studios  described  in  this  paragraph  pertain 
to  artificial  flooding  that  might  be  produced  along  the  looter  reaches  of 
the  MUR  and  DRAU  River 3 by  broaching  of  the  PACK  and  HIER&iANN  Dams 
(Sorial  Nos,  7 and  8)  of  the  TEIGITSCH  River  hydroelectric  power  group. 
Reference  is  made  to  paragraph  3-10  and  to  Exhibit  B for  description  of 
those  structures.  The  *flov  variations11  produced  by  sudden  opening  of 
the  large  gates  of  the  six  DRAU  River  dams  might  also  bo  considered  as 
jor  flood  waves*  as  described  in  paragraph  4-03 • Insufficient  data 
were  available  to  permit  studios  of  the  effects  of  major  flood  waves 
from  other  existing  dams  in  the  area , However,  their  effect  might  be 
expected  to  bo  local  and  of  minor  significance  due  to  the  small  storago 
volume  cf  most  of  the  reservoirs  or  their  location  in  the  upper  head- 
waters of  the  basin  as  indicated  in  Table  4 and  Exhibits  A and  B, 


b.  Hydrologic  Considerations, 

(1)  Reference  is  made  to  paragraph  4-03b  for  discussion 
of  the  influence  of  natural  stream  flow,  initial  reservoir  storage  and 
flood  wave  volume  loss  on  artificial  fined  effects. 


(2)  For  pusposes  of  this  study,  it  was  assumed  that  PACK 
and  HEERSMANN  reservoirs  were  at  maximum  full  pool  conditions.  Since  the 
capacity  of  the  third  reservoir  in  the  TEIGITSCH  group,  the  LANGMAN  Darn 
is  comparatively  anall  (0,3  million  m3),  its  effect  would  be  slight. 
Consequently,  it  was  considered  that  it  was  empty  and  destroyed  for  pur- 
pose of  this  study,'  . Likewise,  tho  small  MUR  River  dams  wore  considered 
as  empty  and  open,  Roservoir  storage  curves  for  PACK  and  HTERSMANN  Dams 
as  computed  from  date,  contained  in  Exhibit  B are  shorm  on  Plate  lib, 

A tabulation  of  storage  capacities  follows j 

Pool  Elevation  Storage 

Reservoir  (million  nr) 


PACK  867.7 

HTERSMANN  708.0 


5.41 

7.2 


MM/I 

• xvyefu  iuujoi 


n m mwI  Vi«trkAAV\4nrr 

V VV»  WM1W  UUV*  UJ.  UUVi  * WU  X fj 


*# - r*  n ij 

U , ffiuaiia  UX  r.  a,|  Oi  

of  PACK  aid  HTERSMANN  Dams  w >uld  produce  flood  waves  of  considerable 


magnitude  in  tho  TEIGITSCH  and  •CAI?*3.XH  valleys  and  of  limited  magnitude 
in  the  reaches  of  the  MUR  and  DRAU  Rivers  dinn  stream  from  those  damsitos. 
For  purposes  of  this  study,  the  breach  openings  were  assumed  to  be  of 
trapezoidal  shape,  with  3ido  slopes  of  2 vertical  on  1 horizontal.  Tv.: 
sizes  f openings  were  considered}  11c  with  a bottom  width  ..if  10  m,  and 
the  other  with  a 20  m bet  tern  width,  Tn  b >th  cases,  the  b ittjm  :f  the 
breach  vas  c nsidered  as  lying  20  m 1 wer  than  tho  elevati  on  of  the 
hipest  n ;imal  pool  elevation  (see  Plato  lib),  i.s  indicated  by  the 
results  f this  study,  larger  size  breach  openings  would  n *t  appreciably 
increase  tho  magnitude  .f  the  flood  waves  on  tho  MUR  or  DRAU  Rivers, 
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Reference  is  mado  to  the  sketches  i>f  the  atructuros  on  Plate  9d,  the  des- 
crip ti-n  in  Exhibit  9,  and  the  broach  discharge  rating  curves  on  Plato  13b « 
In  order  to  outline  the  mftjdraran  probable  effects,  it  was  considered  that 
both  dams  were  broached  rdth  the  same  sized  openings,  and  that  the  broach- 
ing of  HIERSMANN  Dam  was  Lagged  0*3.  hours  after  the  broaching  of  PACK  Dam, 

• ‘ - [•!- 

d.  Effects  '£  Major  Flood- Waves. 

(1)  General*  Tho  offqpts  :f  artificial  flood  waves  on 
the  MUR  and  DR/JJ  Rivers  pr  ducod  by  coordinated  broaching  of  PACK  and 
HIERSMANN  Tams  are  summarized  in  Table  6.  A graphical  curnperisjn  of  the 
discharge,  depth,  and  vel  city  cm  the  DRAU  River  resulting  from  these 
floods  and  fmu  tho  fl»w  variations  created  by  reloase3  from  the  six 
DRAU  River  dams  (described  in  paragraph  4-03)  is  aff  orded  on  Plate  12, 


1 

Representative  stage  hydregraphs  appear  on  Plato  13. 

The  major  art  if  1- 

I 

cial  flood  waves  are  designated  for  purp 

sea  i'S  identification  as  follows t 

I 

i 

COORDINATED  3 RED  KING  CP  PACK  /J®  HISR3MANN  DAVE  * 

Artificial 

Artificial 

FI  >od  No.  5 

Flood  No,  6 

Bottom  width  f breaches,  (m) 

10 

20 

Donth  of  broaches  (ni) 

20 

20 

Breach  side  slopes 

2 on  X 

2 on  1 • 

Pool  Elev*  (PACK)  (m,u»A«) 

867.7 

867,6  ~ 

- 

Breach  Elev,  (PACK)  (m,u,A,) 

847.7 

• 847.7  ? 

Pool  Elev,  (KIERSMiNN ) (m»uA«) 

708 

708  I 

Broach  Elev,  (HISRSMANN)  (m.u.;.,) 

688 

688  | 

Peak  discharges  (m3 /sec’ 

2550 

4050  J 

(2)  Artificial  Flo  d No. 

J>  w.mld  result  frorri  trapezoidal  | 

broaches  of  ID  m bottom  widths  and  20  m dopths  at  PACK  and  HEERSMANN  Dams, 
with  tho  broaching  time  .if  the  latter  lagged  0.3  hours  after  the  breach- 
ing of  PACK  Dam,  -*Thc  peak  discharge  of  2500  m^/soc  at  the  upstream  dam 
v/  mid  bo  reduced  to  a peak  inflow  into  HIER3MANN  Dam  of  238Q  m3/sec. 
Broaching  of  that  structure  would  rads  a the  peak  back  to  2500  m^/sec. 
During  passage  of-  tho  flood  wajee  d.xm  tho  steep  and  rough  valley  of  tho 
TEIGITSCH  and  KAINBACH,  the  pq£k  w uld  be  reduced ‘considerably,  result- 

i J_  — _ J. n rt/*A Q / i jbi  •_  Ju\ iirrn  t»i — . 

jjig  44 i uji  uiumiatj  • u ojkj  iiK/acc  over  ou.5o  i.  xtw  xn  utw  mu  a av 

’HLDOH  (MUR  River  .Km  155),  lecatod  near,  the  onfluenco  of  the  KA3NBABH 
and  MUR  Rivers,  approximately  68  km  d nmstrean  from  PACK  Dam  or  56  km 
below  HIERSMANH  Dare.  The  resulting  increase  above  base  flow  conditions 
would  bo  475  m3 /sec  at  the  confluence  ■£  tho  MUR  and  DRAU  Rivers  and 
205  m3/3ec  at  D.  KIHOLJAC  (DRAU  River  an  -190),  Thu  reave  crest  would 
be  3*5  m above  base  flaw  at  'iTLDON  and  only  0,7  m at  D,  MIKOLJAC,  as 
sh  *-,7i  in  Table  6 and  m Plato  12, 

(3)  Artificial  Fl  .d  Ho,  6 represents  the  effects  of 
increasing  the  size  of  broach  opening.  It  diffors  from  Plo-xi  No,  5 ih 
that  the  bottom  widths  of  tho  broach  openings  were  doubled,  being  20  m 
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vd.de  at  the  bottom  uf  the  breach  in  this  case,  Tho  pock  discharge  of 
4050  m-yscc  at  PACK  Dam  would  result  in  a peak  inf  lyrr  of  3600  n3/sec  into 
HIER5MANN  Reservoir , Broaching  of  that  dam,  0*3  hours  of  tor  the  initial 
broaching  of  PACK  Dam  would  raise  tho  peak  discharge  back  to  4050  ttk/soc, 
Tho  increase  in  diaehergo  over  base  flow  wuld  bo  930  m3 /sac  at  WILDDN, 

510  nv/sec  at  the  c nfluence  of  the  MUR  and  DRAU  Rivers,  rn d 215  mVsec 
at  D.  MIHDLJAC,  ^n]y  slightly  greater  then  for  Flood  No*  5#  Bio  wave 
crest  would  raise  tho  stage  at  T7ILDCN  3.8  m c jmparod  to  3,5  m for  Flood 
No.  5*  The  increase  in  stage  of  0,7  m at  D.  i'CICLJAC  would  be  identical 
for  both  floods.  The  effects  are1  considerably  less  than  for  tho  DRAU 
River  flow  variations  (Floods  Nea,  1 to  4)*  aa  may  be  seen  in  Tabic  6 
and  on  Plato  12,  The  shape  and  duration  of  tho  flood  wave  at  representa- 
tive locations  may  bo  seen  by  oxaminati on  of  the  stage  tydro  graphs  of 
Flood  N<-  . 6,  plotted  on  Plato  13. 

— - 3 _ 

c.  Comparison  of  Effects  of  Major  Flood  Waves.  Breaching  of 
the  PACK  and  HIERSMANN  Dans  ut  uld  produce  largo  flu  d waves  in  the 
TEIGIT3CH  and  JOINBACH  valleys,  barikfull  fl*7  .on  the  MUR  River,  bit  only 
minor  increase  in  discharge,  depth  and  vol  <city  on  the  DRAU  River  down- 
stream from  those  structures,  Tho  magnitude  would  be  considerably  less 
on  the  DRAU  River  than  for  the  fliw  variations  induced  by  discharge  from 
the  DRAU  River  dams  discussed  in  paragraph  4-03,  Increasing  the  size  of 
breach  muld  produce  but  slight  increase  in  effects  especially  along  tho 
MUR  and  DRAU  Rivers,  as  evidenced  by  tho  comparative  results  of  Floods 
Nos.  5 and  6,  Reference  is  nnde  to  the  sirmtry  of  effects.  Table  6,  to 
the  discharge,  depth 4 and  velocity  pr  files  on  Plate  12.  and  to  the 
stage  hydrographs  of  Plate  13  for  comparative  results  of  the  various 
artificial  floods.  Representative  effects  of  major  artificial  flood 
waves  at  selected  key  locatl  ns  are  presented  bolJ-r  to  facilitate  compari- 
son of  results: 


1 

\ 

t 


Flood 

No. 


Width  Overflow  Mean  Surface 
Depth  Flooded  height  Velocity 

_J2__  iSL-  S3 S/*S2 


Duration  above 
Base  Flow 


! ! 

% * j 


Within  banks  1.1 
7:1  thin  banks  1.1 
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4-05  ARTIFICIAL  FLOODING  POTENTIALITIES  0?  CANALS  AND  LAKES. 

a.  panalg . Since  there. ape  no  navigation  canals  in  the  area, 
artificial  flooding  can  not  be  produced  from  that  source.  Blocking  of 
drainage  oanals  and  channels,  coupled  with  breaching  of  dikes  and  des- 
truction of  drainage  pumps  could  create  •Drainage  Obstacles*  as  des- 
cribed in  paragraph  4-02. 

b.  . Lakes . The.  possibility  of  utilising  the  large  volume  of 
water  stored  in  the  many  lakes  of  the  region  (described  in  paragraph  2-11 
and  in  Exhibit  A)  for  purposes  of  artificial  flooding  was  not  investigated. 
The  lade  of  available  data  as  to  elevations,  locations  and  nature  of  the 
lake  outlets  preclude  any  quantitative  estimate  of  their  utility  for 
artificial  fiboding.  However,  over  50  million  nr.  of  water  would  be 

made  available  by  raising  the.  lake  surface  1 m by  means  of  regulated  weirs. 
Most  of  the  Jakes  lie  in  the  upper  headwaters  of  the  region,  and  the  lake 
bottoms  lie  much  lower  than  the  outlets.  Consequently,  unless  the  ouV 
let  elevations  could  be  lowered  or'  the  lake  level  raised,  only  a limited 
volume  tjf  water  would  be  available  for  release  and  the  effect  in  the 
lower  readies  of  the  river  basin  would  not  be  appreciable.  The  lakes 
and  glaciers  probably  would  assist  in  maintaining  a more  uniform  natural 
stream  flow  by  temporarily  retaining  tho  precipitation  of  intense  storms. 

4-06  SUMMARY. 

a.  The  hydraulic  features  associated  with  artificial  flooding 
potentialities  of  the  DRAU  and  MUR  Rivers  described  in  preceding  para- 
graphs 4-01  to  4-05  are  herein  sunroarizod.  Reference  should  bo  made  to 
Section  V of  this  report  for  discussion  of  associated  influence  upon 
military  operations, 

b.  Temporary  damming  of  tho  streams  at  suitable  bridge  open- 

ings or  other  constrictions  could  create  still-water  barriers  at  widely 
separated  locations  along  the  lower  reaches  of  the  DRAU  and  MUR  Rivers. 
Resulting  inundated  areas  would  range  from  2 to  7 km  in  length  and  0.5 
to  7 km  in  width  and  up  to  1 m in  depth.  Formation  n£  a continuous 
still-water  barrier  along  those  .streams  would  not.  bo  feasiblo.  Block- 
ing of  normal  drainago  outlets  in  the  mardiy  areas  along  the  lower 
reaches  of  DRAU  and  tftjR  Rivers  and  in.  the  KIAGSJFURT  Basin  could  increase 
the  obstacle  afforded  by  natural  swapips  and  marshes.  The  steep  stream 
gradients,  hi gh  banks,  and  narrow  valleys  of  tho  upper  reaches  offer  few 
opportunities  for  creation  of  significant  still-water  barriers.  Inunda- 
tion possibilities  are  swroarized  in  Tfeble  5 and  described  in  detail  in 
paragraph  4-02.  Locations  and  extent  of  still-water  barriers  are  indicated 
on  Plates  IQa  and  10b.  . 

c.  Coordinated  opening  of  the  large  weir  gates  of  the  SCHWAB8CK, 
LAVAMUBJD,  DRAVOORAD,  VUZENICA,  FALA  and  MARI80R  (Serial  Nos.  1-6)  power 
dams,  located  on  the  DRAU  River  near  the  present  Austrian-Yugoslavian 
border,  would  produce  largo  artificial  flow  variations  in  the  DRAU  River 
downstream  from  those  structures,.  Cyclic  variations  could  bo  repeated 

at  2 to  10  day  intervals,  depending  upon  replenishment  of  reservoir  storage. 
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Significant  effects  could  be  attained  oven  vrith  partial  gate  openings* 
Reference  is  made  to  the  suirrnary  of  effects  for  Artificial  Floods  Ho.  1 
and  2 in  Table  6,  to  the  discharge,  depth  and  volocity  profiles  of 
Plato  12j  to1  tho  representative  stage  hydrographs  of  Plato  13j  and  to 
the  disetissiun  contained  in  paragraph  4-03 » A tabulation  of  pertinent 
effects  of  coordinated  opening  of  the  gates  of  those  dams  follows* 


item. 

Mi 

QRAU 

0BM0Z  (ffiT.TaT 

RIVER 

p.  MiHoi«jag-.iian>-aasQ 

Amplitude  of  rise 

m 

2.7-5. 3 

2.0-2.9 

Duration  above  base  flgvr 

hr 

13-32 

18-38 

Rate  of  rise 

mAr 

0.7-1.3 

0.2-0.3 

Timo  of  crest 

hr 

. 10-U 

42-45  • 

Overbank  depth 

m 

1.9-4.  5 

Bankfull 

Width  flooded 

tan 

2-5 

0.5 

Max#  mean  surface  vel* 

m/aeo 

3.1r-3*3 

1.1 

d.  Sudden  opening  of 

tho  largo  weir  gates  of  SCHWA3ECK  power 

dam  (Serial  No#  1),  in  the  event 

that  thi3  dam  is  full  and  the  other  six 

downstream  dams  arc  empty  or  destroyed,  could  produce  sign  if i Cant  flow 
variations  in  the  DRAU  River  upstream  of  the  MUR  River  confluence.  Flow  • 
would  ronain  mostly  within  banks  in  the  lover  roaches  below  tho  MUR  River, 
except  in  the  flat  delta  near  the  confluence  of  the  DANUBE  River,  where 
banks  arc  low#  Similar  rosults  could  be  attained  by  releases  from  MARIBOR 
Dam  (Serial  No#  6),  the  farthest  devmstream  of  tho  group  of  dams.  Cyclic 
variations  could  bo  repeated  at  l/2  to  3 day  intervals  if  thq  reservoir 
storage  is  replenished  by  natural  stro5?n  flow#  MARIDOR  releases  could 
bo  repoatod  four  times  at  approximately  6 hour  intervals  by  successive 
transfer  of  water  stored  in  tho  upstrean  pools  to  MARIBOR  pool  for  gtsiden 
release  from  that  dam.  Cyclic  variations  by  successive  releases  fran 
each  of  the  six  dams,  starting  with  tho  farthest  downstream,*  could  also 
bo  produced.  The  effects  of  releases  from  the  smaller  reservoirs  would 
not  be  as  groat  as  of  releases  from  SCHWABEDK  or  MARIBOR.  Tho  effects 
produced  by  partial  gate  openings  tend  to  approach  tho  so  produced  by  full 
gate  openings  in  tho  lower  roaches,  as  indicated  by  comparison  of 
results  of  Artificial  Floods  Nos.  3 and  4*  Tho  duration  and  peak  values 
of  tho  effects  produced  by  those  flow  variations  from  a single  rosorvoir 
are  considerably  l<jwor  than  produced  by  coordinated  releasos  from  nil  six 
roaervoirs  of  tho  DRAU  River  group#  Tho  rosults  of  the  flow  variations 
studied,  are  discussed  in  paragraph  4-03  and  sunmarized  in  Table  6.  The 
peak  di30hargo,  depth  and  velocity  profiles  are  plotted  on  Plato  i2  and 
representative  stage  hydrographs  fire  presented  on  Plato  13 « . A tabulation 
of  representative  effects  of  partial  and  full  opening  of  gntos  of  SCHWABEDK 
Dam,  as  indicated  by  Artificial  Floods  Nos*  3 and  4 follows* 
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Unit 

ORMOZ  (Ss.  12)  D 

c MIHOLJAC-  (!ta  -2< 

Amplitude  of  rise 

m • 

1.5-2.1 

1.0 

Duration  above  base  flow 

hr 

8-20 

33^2 

Rate  of  rise 

mAr 

0.3-0.5 

0,1 

Time  of  crost 

hr 

14-17 

46-50 

Overbank  depth 

m 

0.7-1.3 

Within  tanks 

Width  flooded 

ten 

0.5 

Max.  mean  surface  vol. 

m/sco 

2.8-3.0 

1,1 

c.  Synchronized  broaching  of  the  PACK  and  the  KERSMANN  Dans 
(Serial  Nos.  ? and  8}  of  the  TEIGHSCH  River  power  development  would 
produce  largo  artificial  flckd  waves  on  the  7EIGIT3CH  .and  KAINBXH 
valleys,  moderate  raves  in  the  ler./or  MtJR  River  valley,  but  only  ana  11 
waves  in  the  lower  DKAU  River  dor.tts trear.  of  the  structures.  , Tho  effects 
in  the  DRAU  Rivet1  wmld  bu  much  less  than  from  tho  flew  variations  pro- 
duced by  releases  from  tho  DRAU  River  Daws  described  in  the  proceeding 
paragraphs  4-0 6c  and  4-06d,  Wood  waves  in  the  MUR  Rivor  produced  by 
these  dam  breachings  might  be  considerably  moderated  by  coordinated  . . 
operation  of  the  existing  MUR  River  power  dari3  to  reduce  tho  magnitude 
of  the  peak.  Detailed  discussion  of  the  potential  effects  attainable 
by  broaching  of  the  TEIGTI5CH  dams  appears  in  paragraph  4-04)  affects 
of  artificial  floods  studied  are  surrnrized  in  Table  6,  Corporative  - 
discharge,  depth  and  velocity  profiles  are  plotted  on  Plato  12j 
represoti tativo  stage  hydrographs  are  sh^wm  on  Plato  13,  Critical 
representative  ef foots  of  Artificial  Floods  Nos,  5 and  6 at  key  loca- 
tions .in  the  MUR  and  DRAU  Rivers,  ns  produced  by  synchronised  broaching 
of  PACK  and  HTERSMANN  Dams,  are  presented  in  tho  following  tabulation!  - 


7TLDQN 


D-  MIHOLJAC 


Amplitude  of  rise 

m 

3*5-3*8 

0.7 

Duration .above  base  flow 

hr 

6 

12 

Rate  of  risG 

mAo* 

1 .7-1.9 

0.1 

Time  of  crest 

i 

1 LI' 

9 

48 

Overbank  depth 

m 

0, 8-1.1 

Within  banks 

Width  flooded 

^ ten 

0,2 

0,5 

Max.  moan  surface  vol. 

m/soc 

2.9-3-.0 

1.1 

f . The  broaching  af  PACK  and  HIER3MA.W  DangjM-th,  the  sudden 
gate  opening  of  the  SCHW/.BBGK-MARBOR  DRAU  Ritrer  Dans  would  slightly  - 
increase  the  magnitude  of  the  DRAU,  Rivor  flow  variations  discussed  in 
preceding  paragraphs  4-0 6c  and  4-06d»  IXio  to  tho  flat  shapo  of  the 
hydrographs  in  the  lower  reaches  of  tho  DRAU  Rivor,  tho  coordination  of 
peaks  that  would  produce  maximum  effectiveness  could  bo  accomplished  by 
delaying  the  oponing  of  the  DRAU  i&vcr  Taros  from  zero  to  six  hours  after 
breaching  PACK  and  HEIRSMANN  Items.  For  example,  coordination  of  the 
largest  of  the  two  broaches  considered  (Flo  <1  No,  6)  at  the  PACK  and 
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WIERSMANN.  Dams  rAth  nach  of  the  flow  variations  considered  produced  by 
releases  from  the  DRAU  River  Dams  (Floods  1 to  4)  would  increase  the 
stages  resulting  from  those  flew  variations  as  indicated  in  the  follow- 
ing tabu  la tiunt  * 

• * < • ’ . i . 

Location  Stage  Increase  (m)  duo'  to  Flood  No*  6 plus  Floods  Nba.i 

I 2 I I 

i * v 

bahjs  o , ‘o»2  a.5  0.6 

D.  MXHOLJAC  0.05  0.05  ' 0.2  0.2 

The  increase  in  velocity  and  width  of  flooding  duo  to  such  combinations 
would  not  bo  large.  ' 

r 

g.  Sudden  opening  of  the  large  gates  of  tho  numerous  small 
power  dams,  weirs,  and  canals  locate  along  .-he  MUR  River,  would  produce 
moderate  flow  variations  for  short  distances  downstroan  from  the  opened 
structures.  Reference  ifl  made  to  the  general  map,  Plate  1;  the  stream 
profile,  Plate  4ij  the  table  of  power  projects.  Table  4;  and  to  the  des- 
criptions of  the  M7R  River,  Exhibit  B.  Insufficient  data  wore  available 
to  permit  evaluation  of  tho  effects.  However,  due  to  t&o  small  volume  of 
storage  included  in  tho  individual  reservoirs,  it  is  believoci  that 
measurable  flc*7  variations  viuld  only  persist  for  a short  distance  dwr>- 
stream  from  tho  point  of  release.  It  mi#»t  bo  possiblo  to  increase  the 
duration,  amplitude  and  effective  travel  distance  by  timing  releases 
from  successive  structures  to  coincide  vAth  tho  arrival  of  tho  wave  as 
it  traveled  downstream.  Analysis  of  this  possibility  would  require 
considerably  more  time  and  basic  data  than  wore  available  for  this  report. 

h*  Tho  power  .nutlets  of  *tfc  dans  in  tho  DRAU  River  basin  are 
of  too  small  discharge  capacity  as  compared  t:>  stream  channel  capacity 
to  have  an  appreciable  effect  upon  artificial  flooding  potentialities, 
except  insofar  as  they,  could  bo  utilized  to  Increase  the  natural  stream 
flow  to  provide  water  for  still-water  barriers  or  for  downstream  reser- 
voirs. Since  most  of  the  power  projects  aro  *run-of-thc- river*  plants, 
they  include  largo  gated  openings  to  pass  the  high  river  flows,  OpcrOr 
iiun  of  those  gates  (a3  illustrated  in  paragraph  4=06c  and  4-06d  above), 
would  bo  mire ‘productive  for  artificial  flooding  than  demolition  or 
operation  of  the  small  power  outlets,  : , : 


i.  Demolition  or  failure  of  the  temporary  dams  used  for  still- 
water  barriers  discussed  in  paragraphs  41*02  and  4~Q6b  would  produce  flood 
waves  of  Bhort  duration  and  negnitudo.  Significant  effects  -would  not  be 
produced  except  in  tho  roaches  locatod  within  several  kilometers  below 
the  destroyed  be.rrior . Failure  of  such  temporary  dams  tAgit  be  caused 
by  flow  overtopping  the  structure.  Therefore,  adequate  relief  spillways 
or  outlets  should  bo  provided. 
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j,  The  effects  of  artificial  flood  waves  or  flow  variations 
depend  largely  upon  the  baso  fl(Xr  (i.e«,  the  flow  in  the  stream  before 
arrival  of  tho  flood).  The  studies  presented  in  this  report  wero  based 
upon  an  assunod  base  flow  approximating  mean  water  conditions.  The 
following  tabulation  illustrates  the  comparative  effects  produced  by- 
Flood  No,  1 at  OBMOZ  (Kin  12)  with  baso  flows  of  400  rn3/see  (approximating 
mean  water  flow)  as  used  in  Tablo  6 and  2000  m3 /sec  (approximating  mean 
high  water  c ..  ndi  "Lions ) , 


(1)  Base  flow 

(2)  Discharge  increase 

(3)  Cre3t  discharge 

(4)  Initial  gage  height 

(5)  Crest  gage  hoight 

(6)  Stage  increase 

(7)  Initial  Wean  Surface 

Velocity 

(8)  Crest  yean  Surface 

Velocity 

(9)  Vcloci^  increase 


Assumed 
Table  6 
(2)  plus  (3) 
Plate  8c  for  (!' 
Plate  8c  for  (2) 
(4)  minus  (5) 
Plate  8c  for  (4) 

Plate  8c  for  T5) 

(7)  minus  (8)_ 
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EFFECT  ON  MILITARY  OPERATIONS 


5-01  GENERAL* 

The  purpose  of  this  section  is  to  assist  military  planning 
personnel  in  estimating  the  relative  value  and  effect  of  artificial 
floods  upon  associated  military  factors  such  a3  bridging,  ferrying, 
and  traf fieability  • The  effects  of  artificial  floods  upon  military 
operations  may  vary  greatly,  dap  aiding  on  the  hydrologic  and  weather 
■conditions,  the  tactical  and  logistioal  situation,  and  the  type  of 
equipment  involved.  Reference  is  made  to  Section  IV  for  discussion 
of  the  hydraulic  features  associated  with  artificial  flooding.  - 

5-02  CHARACTERISTICS  OF  MILITARY  BRIDGING. 

a.  The  loading  capacities  r»f  standard  U.  S.  Army  floating 
bridging  tinder  conditions  classified  as  *6afe,  Caution,  and  Risk 
Crossings,"  for  various  current  velocities  are  tabulated  in  Table  7. 
Included  are  the  current  velocities  that  presumably  would  destroy  the 
bridge  in  place  with  no  load,  the  values  ranging  from  9 to  .16  feet 
per  second  (i.c.,  about  2.7  to  4.9  m/sobl.  Table  7 is  primarily  based 
on  data  contained  in  References  61  and  624\. 

b.  It  3hould  be  noted  that  the  velocities  shorn  in  Table  7 
represent  general  averages.  The  ability  of  floating  bridges  to  witlw 
stand  current  velocities  depends  upon  numerous  variable  factors,  such 
asi  special  provisions  for  securing  the  bridge,  the  rate  of  change  in 
river  3tage,  direction  and  variability  of  current,  debris  carried  by 
the  stream  and  other  considerations.  Standazd  bridging  has  withstood 
conditions  more  3 overs  than  indicated  in  Table  7 and  has  failed  lander 
apparently  less  critical  velocities. 

5-03  EFFECTS  OF  ARTIFICIAL  FLOODING  DURING  ACTUAL  CROSSING 
OPERATIONS . 

No  information  is  available  regarding  details  of  actual  mili- 
tary river  crossing  operations  along  the  streams  in  the  DRAU  River  Basin, 
nor  ef  the  observed  influence  of  artificial  f lo’ding  upon  ouch  operations. 

5-04  EFFECT  OF  STILL-WATFiR  BARRIERS  AND  DRAINAGE  OBSTACLES, 

a.  Reference  is  rftdo  to  paragraphs  4-02  and  4-0*6  for  dis- 
cus Sion  of  the  hydraulic  features  associated  with  formation  and  augmen- 
tation of  water  obstacles  by  means  of  temporary  damming  operations  or 
by  disruption  of  normal  drainage. 

b#  Bridging  and  ferrying  operations  within  the  baokwator 
reaches  upstream  from  the  tanporary  dams  would.be  hindered  by  reason 
of  the  resulting  greater  width  and  depth  cf  crossing,  indicated  in 
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Table  5 and  on  Plates  10a  and  l(Jb.‘  Approach  trafficability  would  be 
reduced  by  the  shallow  overbonk  flooding  and  the  increased  stream  depths 
■would  hinder  fording  at  shallow  spots  in  the  affectod  reachos  of  the 
river,  Sinoo  the  resulting  increased  water  obstacles  would  not  bo  con- 
tinuous along  the  streams  (as  illustrated  on  Plates  10a  and  10b),  still- 
water  barriers  must  be  combined  with  ether  natural  obstacles  and  with 
tactical  operations  in  order  to  ehanndllso  military  action. 

c.  Inundation  of  low-lying  land  in  the  river  meander  sono  along 
the  lower  reaches  of  the  PRAU  River,  such  as  that  shown  oh  Plate  10b  as 
created  by  still-water  barriers  and  drainage  obstacles  would  reduce  over- 
land trafficability  for  extended  poriods.  The  multiple  shifting  channels 
and  river  meanders  in  those  reaches  do  present  considerable  natural 
obstacles- to  river  crossing  operations.  Much  of  the  area  along  the  lower 
reaches  has  inadequate. drainage  and  is  naturally  inundated  or  marshy  for 
most  of  the  year  as  a result  of  natural  floods.  Artificial  flooding 
would  prolong  and  intensify  the  natural  marshy  conditions. 

^ d.  Seme  obstacle  to’ river  exposing  operations  could  be 

created  along  the  lower  MUR  River  by  oreetdon  of  stAU^-watcr  barriers, 
notably  in  the  flat  delta  at  the  confluence  of  the  U3DAVA  and  DQBKL 
Rivers  as  discussod  in  paragraph  4-02. 

* 7 ~~  * . • 

e.  Temporary  damning  of  streams  and  blocking  of  natural 
drainage  in  the  KLAGKfFURT  Basin  near  the  DRAU  River  would  inundate  this 
mushy  area.  Combi  nod  rrith  the  TOERTfiBR  SEE,  this  would  present  a con- 
siderable obstacle  to  overland  traffic  and  bridging  operations  in  the 
vicinity  of  the  important  communication  cantor  of  KLAGFNPURT, 

f.  Erection  of  temporary  dams  or  raising  the  crests  of  exist- 
ing dams  in  the  upper  roaches  of  t ho  DRAU  or  MUR  Rivers  would  not  appre- 
ciably affect  military  operations,  as  tho  water  obstacle  would  not  extend 
much  beyond  tho  river  banks.  Tho  increased  depth,  however,  could  hinder 
fordings  at  shallow  3pots  upstream  from  the  structures. 

3*  Continuous  military  support  of  the  temporary  dan  instal- 
lations would  be  noccssary  to  prevent  their  destruction  by  enemy  air 
or  ground  action.  Destruction  or  failure  of  a temporary  dan  would 
release  a flood  wave  of  short  duration  that  Would  icjnporarily  hinder 
crossing  operations  below  tho  structure  and  which  might  oause  progressive 
failure  of  other  downstream  structures. 

h.  Breaching  of  levees  wuld  be  necessary  in  seme  cases j 
while,  in  others,  blocking  of  culverts  and  drainage  outlets  would  be 
required  in  addition  to  temporary  damming  operations  in  ordor  to  create 
effective  still-water  barriers  and  drainage  obstacles. 
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5-05  EFFECT  OF  IKW  VARItHOIB. 


a.  Reference  is  irftdo  to  paragraphs  4-03  and  4-06  for  discussion 
of  the  possible  detrimental  flow  variations  that  could  bo  created  on  tho 
TiRAH  River  by  moans  of  regulated  discharge  from  the  largo  sated  openings 
of  the  DRAG  River  powor  dans  at  3CHVABECX,  LAVAMUSND,  DRAVOORAD,  VUZSJICA, 
FALA  and  MAkibor  (Serial  Nod.  1-6  osi  Plates  1,  9a  ana  9b.  .Resulting  flow 
c.nditiQns  are  surmrised  in  Table  6 and  presented  graphically  an  Plates 
12,  13a  and  13b.  - 


b.  Sudden  opening  of  tho  large  gates  nt  those  dans  would  pro- 
duce apprecinblo  flow  variations  along  the  DRAU  River  that, Would  endanger 
floating  bridging,  especially  in  the  roach  botwoon  the  dams  and  the  con- 
fluence- of  the  WJR'  River,  Under  normal  conditions  of  reservoir  storage, 
stream  flaw  and  outlet  facilities,  it  would  also  bo  possible  to  repeat 
flow  variations  to  create  cyclic  effects.  Downs tr earn  of  the  MUR  River 
confluence,  the  resulting  velocities  would  be  too  low  to  seriously  hinder 
floating  bridging  operations.  Her  ever,  tho  Incroase  in  effective  stroain 
ridth  to  cover  the  nt 'finder  bolt  could  Mndcr  cmrsing  operations  in  that 
reach. 


c.  No. appreciable  effect  or  bridging  or  crossing  operations 
could  bo  expected  by  release  of  -rater  from  the  small  poorer  outlets  of 
those  dams. 


d.  Release  uf  vator  from  the  large  gated  openings  of  the 
numerous  MUR  River  paror  dans  (Serial  Nos.  9-14)  would  produce  flour 
variations  tlat  would  interfere  with  bridging  and  crossing  operations 
along  tho  MUR  River  for  3h  rt  distances  dorms tronm  from  the  individual 
structures.  The  possibility  of  coordinated  releases  from  a mmfcor  of 
those  dams  was  not  investigated,  but  would  intensify  the  effects  if 
properly  coordinated . Duo  to  the  multiplicity  of  dams  and  of  other 
factors,  3udh  coordination  would  involve  complex  timing  in  opening 
or  demolition  of  the  various  structures. 


e.  Similarly,  sudden  release  of  flow  from  the  large  gates 
of  the  moiy  other  existing  hydroelectric  dans  located  in  tho  head- 
water tributaries  of  tho  DRAU  River  (sec  Serial  Nos.  15-29  on  Plato  1 
or  in  Table  4)  would  produce  flow  variations.  How ovor,  appreciable 
effect  on  military  operations  -.xmld  probably  not  bo  significant  except 
for  sh'jrt  distances  below  tho  structures, 

4 * , 

f , Opening  the  gates  of  the  DRAU  and  MUR  River  hydroelectric 
dams  would  probably  not  seriously  danago  existing  pernr-nsnt  biidgos,  as 
the  dam  outlets  (and. also  tho  bridges)  are  designed  te  handlo  the  maxi- 
mum expected  natural  floods, 
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g,  Deliberate  destruction  of  tho  structures  or  gates  of  the 
DRAU  and  MUR  River  dams  and  other  power  dams  in  the  basin  would  prevent 
their  use  by  the  enemy  in  produoing  detrimental  flow  variations  during 
a later  critical  period  and  would  seriously  disrupt  the  electrical 
power  facilities  of  the  region,  , 

' 5 ' i i * t\  , i 

h,  'Water  stored  in  the  reservoirs  of  the  DRAU  and  MUR  River 
dams  as  well  as  in  the  reservoirs  of  other  hydroelectric  dams  in  the 
area  could  be  released  to  provide  a supplementary  supply  of  water  for 
still-water  barriers  previously  discussed  in  paragraphs  4-02  and  5-04* 

1,  In  order  to  utilize  the  gates  of  the  dams  in  tho  DRAU 
River  basin  to  produce  flow  variations,  it  would  be  neoessary  to  provide 
for  defense  of  tho  uites  against  enaw  air  or  ground  attacks*  Breaching 
of  the  structures  or  demage  to  the  operating  mechanism  by  oneny  action 
would  prevent  -useful  operation  of  the  gates,  especially  where  cyclic 
releases  are  concerned. 

5-06,  EFFECT  Cf  MAJOR  FLOCD  WAVES, 

a.  Reference  is  made  to  paragraphs  4-04  and  4-06  for  dis- 
cussion of  the  hydraulic  features  associated  with  creation  of  major 
flood  waves  by  broaching  tho  PACK  and  HIERSMANN  Dams  (Serial  Nos. 

7 and  8 on  Plates  1 and  9d)  of  the  TEICHTSCH  power  development  in  tho 
MUR  River  basin, 

b.  Flood  waves  oauaad  by  breaching  of  those  dams  would 
probably  destroy  or  seriously  damage  bridges  along  the  TEUQTSCH  and 
KAINBACH  Rivera  downstream  of  those  structures.  The  resulting  rapid 
increase  of  stage  in  the  MUR  River  might  hinder  floating  bridge 
operations  on  that  riv*_r  below  the  confluence  of  the  KAINBACH  River 
but  would  probably  not  endanger  fixed  bridges.  Very  little  effect  on 
stream  crossing  operations  could  be  expected  along  the  lower  DRAU  River. 

o.  Tho  flood  waves  created  by  breaching  SCHWABECK-MARIBCR 
group  of  dams  ^(Serial  Nos.  1-6  on  Plat os  1,  9c  and  9b)  on  the  DRAU 
River  or  the  MUR  River  dams  (Serial  Nos.  9-14  on  Plate  1)  would  endangor 
floating  bridging  along  the  DRAU  and  MUR  Rivers  downstream  from  those 
structures,  but  probably  would  not  damage  existing  permanent  bridges. 
Since  the  largo  gate 3 in  those  dams  cover  practically  the  entire  cross- 
section  of  the  dams,  the  effects  would  approximate  those  croatod  by 
sudden  gate  openings  discussed  in  preceding  paragraph  5-05*  Breaching 
would  eliminate  the  possibility  of  cyclic  reloascs  by  gate  operations. 

d.  Breaehing  of  the  higher  dams  located,  on  the  headwater 
tributaries  such  as  the  two  dams  of  the  MARGARITZE  Reservoir  (Serial 
No,  21)  in  the  MOBIL  River  basin  would  create  major  flood  waves  that 
could  destroy  or  ondanger  low  bridges  for  short  distances  downstream 
from  the  breached  structure.  However,  very  slight  interference  with 
oros3ing  operations  might  be  expected  along  the  main  streams  of  the 
region.  Tho  released  water  could  suppl'^nent  other  sources  of  supply 
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for  the  still-water  barriers  discussed  in  paragraphs  4-02  and  5-04  and 
also  help  to  refill  the  reservoirs  used  to  groato  flow  variations  dis- 
cussed in  paragraphs  4-03  and  5-05* 

e.  The  electrical  power  supply  of  a large  part  of  South 
Austria  arvd  North  Yugoslavia  would  be  seriously  disrupted  by  breaching 
the  numerous  hydroelectric  prrwer  dams  in  the  DRAU  and  MUR  River  basins* 

f#  Breaching  of  levoes  and  destruction  of  drainage  facilities 
might  be  necessary  in  some  cases  in  order  to  fully  exploit  the  maximum 
possible  effectiveness  of  .artificial  flood  waves. 

g.  Military  support  of  permanent  or  temporary  dan  instal- 
lations would  bo  necessary  to  prevent  their  destruction  by  onerqy  air 
or  ground  action.  Such  destruction  Mould  prematurely  release  flood 
waves  that  could  hinder  action  by  our  forces  below  the  broached  struc- 
tures. Deliberate  demolition  of  dams  or  barriers  would  prevent  their 
use  by  the  enemy  in  producing  detrimental  major  flood  waves  or  flow 
variations  during  a Inter  critical  period. 

5-07  _ EFFECTS  RELATES  TO  OTHER  BASKOS. 

a.  Artificial  flooding  along  the  DRAU  and  MUR  Rivers  could  bo 
coordinated  id. th  similar  operations  on  other  nearby  river  basins  to 
create  simultaneous  or  progressive  water  obstacles  affecting  military 
actions.  Specific  reference  is  made  t;  a similar  study  on  the  SAVA 
River  basin  of  Yugoslavia,  recently  completed  by  this  office  and  listed 
as  Reference  63  in  the  Bibliography  of  this  report.  Additional  studies 
are  currently  being  made  by  this  office  on  the  rivers  of  the  VENETIAN— 
TRIULI  PLAINS  of  NORTHEAST  ITALY  and  also  on  the  streams  of  the  AUSTRIAN 
ALPS  located  just  north  of  the  DRAU  Rivor  basin. 
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by  G.  Troppor.  Ooaterroichische  ’Tasaerrrirtschaft,  pp 
^37-240,  Nr.  11,  November  1950. 

^Dic  EngcrgiarrirtscStift  "toicimarks"  (The  Power  Econcjry  of 
Styria ) , t y E.  Fischer*  Oostorroichiccho  Zeitschrift 
fucr  Eloktrizitacts  Irtschaft  (OZZ),  pp  290-293,  Nr.  10, 
October  1950. 

■Die  Talsporro  Pack*  (Tho  Pack  Vallay  Item),  by  H.  Grengg, 
Wa33errirtschaft  und  Tochnik,  pp  1-5  and  21-25,  1935. 

%lo  JJarroolbcmauem  Salza  und  Hiermann  dor  gteirisehen 
TTa 3 s or kraf tr-und  Sloktrizitaets-Aktiongescllschaft1?  • 

(The  Arch  Dan  Salza  and  Kior3roann  • f tho  Styrian  Hydrau- 
lic Pit; or  * Electricity  Company,  by  B.  Fischer  & * 

H»  Grongg.  0ostorreichi3chc  3auzcitung,  pp  181-202, 

Hr,  11  fic  12,  November  k Dec  orb  or  1951. 

■Die  3crocJmung  dor  Qcwoclbcrnaucr  an  Hiurzmann  (Stcle«#\rk) 
nach  don  Vorsuoh3la3tvca\rnhran"  (The  Computation  of  the 
Hioranann  Arch  Dam  (Styria),  according  Land  Test 
Procedure),  by  K.  Goriupp.  0 .sterroichidchc  Bauzeitung, 

Pd  149-157,  Mr.  9,  Scptc’ibor  1950. 

"Northern  Yugoslavia,  Hungary,  4 Austria  Resources," 
■ISTD/D/323  & ISTD^)/329.  Intcr-Scrvicc  Topographical 
Dcpdrtaait  *Junc  1944*  * 

"Austria*s  Hydro-P<?v;or  Resources  and  their  Utilization  for 

, Europe*^  Paver  Supply."  Austrian  Federal  Ministry  of 
Transport  and  Nationalized  Enterprises,  1951, 

os  tand 3tnti3 tik-uebor  Untornohnen  und  Kra? tvfcrko-Angabe 
1951**  (Inventory  k Statistics  covering  Undertakings 
and  Electric  Power  Plants -19 51  Edition),  Union  of  Experts 
of  tho  Austrian  Paver  Plants,  1951.' 
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45. 


46. 


47. 


48  < 


49. 

50. 

51. 

52. 
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*Lieht  und  Kraft  fuer  Ocsterroichsrrroi  Johro  Neuaufbou  der 
Hhorgio-Tdrt3chaft,*  (Light  aid  Pwer  for  Austrian-2  Tears 
Nov:  Construction  of  Per rcr  Plants)  Austrian  source,  1949. 

•Problemctika  Volikih  Uspomih  Objokata  Kod  Hidrooloktrona 
aa  Turbinakim  5tubovina,M  (The  Question  «f  the  Hydro- 
electric power  Stati  ns  vrith  Turbine  Pillars),  by 
M.  Goljovscek,  Saopatonja  sa  i Scvotovonja  Strum  Jaka 
Jugoslav! jo-0  Visokin  Branona  (Transactions- The  First 
Mooting  of- the  Yugoslav  Katicnl  C omit  toe  on  Largo  Dams), 
PP  133-146,  1&-23  September  1950,  Zagreb. 

*Nati’->nal  Intelligence  Survey,  Yugoslavia,  Section  62, 

Fuels  and  Power,  Chap,  VT,  NIS  21*  Ccntraln  Intelligence 
Agency,  Washington,  D.  C.,  Ootobor  1951. 

•Oosterrcichische  Kraftwcrk-in  Dinzcldarstcllungcn  Tolge  1- 
Draukraftwork  ScJv./abcck  »*  (Austrian  Ptrrer  Plan  ts-Indivi- 
dual  Representation  Scries  1-Drou  River  Pev/or  Plant  at.. 
3chuabcck) . Austrian  Fodcral  Ministry  for  Power  and 
Electrif i cation , 1949  • 

•Engineer  Intelligence  LV>«siar-Austria  Area,  .Subfile  33, 
Electric  Fewer.*  Supplements  far  inch,  visual  major 
olcetric  power  plants  by  shoots  of  Central  European 
1*250,000  map  aeries,  Preparod  by  USFA,  February  1953. 

•Jahrbuch  dee  Hydro graph! schen  Zontralbucros  im  Bundea- 
mini3teritsn  fucr  Land-und  Forstwirt  shaft*  (Yearbook  of 
the  Hydrographic  Central  Office  uf  the  Fed  oral  (Austrian) 
Ministry  of  Agriculture  and  Forestry),  Published  annually 
in  Vienna, 

*l7.vcstfti-0  Podavinana,*  (Report-Precipitation),  Published 
annually  by  Savezna  Uprava  Kidramotoorolako  Slusba 
F.K.R.J,,,  in  Belgrade. 

Middle  Danube  Arca-Cltranto,*  I.S.T.D./D/466,  Intor-SGrvica 
Topographic  Department,  Jirse  1944, 

^liederschlag  und  Abfluss-Johrosucbcrsiaht,?.  (Precipitation 
and  Run  off -Annual  Review),  Published  annually  by  (iTustrlan 
Hydro  graph!  schoa  Zantralbucro,  in  Vienna, 

•Tactical  Stucfy  of  tho  Weather  and  Terrain  K . W,  Yugoslavia.* 
Engr.  Hq,  U.S.F.A,,  Juno* 1951, 

%’ational  Intolligenco  Sur voy-Hun gary , Albania  and  Yugo- 
slavia-S action  23,  leather  and  Climate,  NIS  19-21,  • 
Central  Intolligenco  Agency,  Washington,  D,  C,, 

March  1951. 
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"Qodi^njnk  o Vedostajina,  1943-1944  Godina*  ({ilver  Stages, 
Yearbook  1943-1944)  .'Savosn a Uprava  Hidrorrictoorolosko 
31u*bo,  F.N.R.J,,  Zagreb  1944.* 

"Izvestaj  o Trajnoati  i Vecstanosti  Vodostaja,  i Kolicinamar 
Vodo-Na  QlnvninRoka’ia  Kraljevinc  Jugoslavijo*  (Report  on 
Duration  and  Frequency  of  Stages  and  Disr.hr.rgc3  in  Yugo- 
slavia). Hidrutohnieko  ixlcler.jo,  Sarojcvo,  1936. 

^Compto  Ream  d 3’ Etude  dc  la  Cruo, B (Paper  given  on  the 
study  of  the  ilood  of  1926),  yinistarotuo  Poljopriv- 
rodoi  Voda,  19 26* 

< 

•Stream  Current  Velocities,  Special  Study  S-51-3.* 

Military  Hydro  log/-  RAD  BXVui  dz,  Washington  District, 

Corps  r.f  Engineors,  Washin gt.on,  D.  C.,  October  1951. 

— . • ' c-‘  - - 

•Institute  fuer  Gcolnf  io  und  ‘‘inerciogie-Kriegsgeologischen 
Specinlkarto  1*75,000*  (Institute  of  Goolaj-y  and 
Mineralogy-Military  Gcolo-.’  3pecial  Map  1*75,000). 
Deutsche  Techninche  Hoechschulc,  Prague.  Date  not  kn.vnn. 

■Zcrstoorung  und  3 chute  von  i .sporren,  und  Dncnen" 
(Destruction  of  Dams  and  Lovo'j),  by  0,  Kirschmcr. 

. Schuci?.  e ri3  chc  Rruaeitmp,  34  M-ay  1949,  pp  277-81  and 
300-03  (a  translation  has  been  proper od  and  distributed 
by  Military  '’ydrol>g/  R£D  Branch,  Washington  District, 
v Corps  of  Engineers,  Washington,  D.  C.).  *■ 

•Wdscr  Kiver  System*  Hydraulic  Effects  >f  Du  alition  of 
3dor  Dam,*  Vols.  I &•  II, • .Special  Study  S-51-4.  Military 
Hydrology  RiD  Branch,  Engineering  Division,  Washington 
District,  Corp3  of  Engineers,  Washington,  D.  C., 

March  1952.  " « 

Military  Hydrology  Report  on  the  Rldno  ftlvor  (Project 
,7/in»drop, )*.  Hydrulo-y  and  fydrr.ullcs  Branch, 

OaginocrinG  Division,  Of  fie  o of  Chief  ef  iJngincors, 
Washington,  D,  C.,  20  July  1951* 

^uiiginacring  Tests  of  ?<-4  Fl-ating  Bridge  Equipment,*  Report 
1135,  Project  3-6^07-008,  liigiiieering  R&D  Lab,,  iingineor 
Center,  Ft.  Bclwir,  Va.,  5 August  1949* 

•Sava  River-Artificial  Flooding  Potentialities,  Special 
Study  S-53-1.*  Military  Hydrology  H&D  Brandi,  Washington 
District,  Corps  of  Engineers,  April  1953s 
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EQUIVALENT  01  GUSH-METRIC  TERMS 


to  reduce  a to  o.  muiti 
Unit  A 

DJLV  A DV  r * TO 

Factor  F 

recuse  a to  , 
Factor  G 

ft^iriuitipja  JLSBLUi— 
Unit  B 

Milos 

LENGTH 

1.60935 

.62137 

Kilometers 

Meters 

3,2805 

.30480 

Foot 

Meters 

39.370 

.025400 

Inches 

Square  Milos 

AREA 

2.590 

.3861 

Square  Kilometers 

Square  Miles 

259.000 

.0038610 

Hectares 

Hectares 

2.47104 

,40469 

Acres 

Acres 

4046,, 9 

,00024710 

Square  Meters 

Cubic  Meters 

VOLUME 

35.3145 

,028317 

Cubic  Feet 

Cubic  Feet 

28.317 

.03 5314 

Liters 

Acro-foet 

43560. 

.000022957 

Cubic  Feet 

Acre-feet 

1233.5 

.00081071 

Cubic  Moters 

Cubic  feet  per  second 

DISCHARGE 

1.9835 

.50417 

Acre-feet  per  24  hours 

Cubic  meters  per  second 

35.3145 

,028317 

Cubic-feet  per  second 

Milos  per  hour 

VELOCITY 

1.20935 

.62137 

Kilometers  per  hour 

Miles  per  hour 

1.4667 

.68182 

Feet  per  second 

Meters  per  second 

3.2808 

.30480 

Feet  per  second 

Meters  per  second 

2,2369 

.44704 

Miles  per  hour 

Meters  per  second 

3.600 

.2778 

Kilometers  per  hour 

Feet  per  second 

1,097 

*9113 

Kilometers  per  hour 

Tbns  (metric) 

3TEICHT 

1.102 

.9072 

Tons  (short) 

Tons  (long) 

1.016 

.9842 

Tons  (metric) 

Tons  (metric) 

2205. 

•00QA536 

Pound  s ( avoirdupois ) 

Tons  (metric) 

1000, 

.001 

Kilograms 

Horsepower  (std.  U«S.) 

POTER 

550. 

.0018182 

Foot-pounds  per  second 

Horsepower  (metric ) . 

75* 

.01333 

Kilo  RMn-tnotars  per  second 

Hirsepower  (std,  U.S.) 

1.014 

.9863 

Horsepower  (metric) 

Kilowatts 

1.3405 

.7457 

Horsepower  (std,  U.S.) 

Kilowatts 

1.360 

,7355 

Horsepower  (metric) 

i 1 

if  * 

rv  1 


* 

! 


,1  ■ ifihyjrmimB  - --  ~ 


rinjt  station 
n^her  1 liang* 

AUSTB1A 


V.T.M.  Grid 
Coord 1 nates 


River 

KM*** 


SUMMARY  OF  GAO.  5A' 

~5xaii  mf*  Awproxinnte 

■ Krta  Too  of  B'tnjc 

KS(2 s.n.A.  (Meters 


.RESTRICTED 

tatty;  -!  SECURITY  information 

)ATA  - DBA"  (TF.AVA',  RIV£K^_  

~ j APi>rP*ln4,*-e~]  C>VI®  Zero 

I Stream  Barij. < rr— 

rs  aTovt-  Adriatic  Seal}  . Year. 


| UTti 

Minimi  It 
NNV 
ea 

1 

Period 

>.  ■jro-H-T 
w | 

ca  i 

1 

i . .. 

SILLUM 


UH0?08C4  400.13 


1940  106b,  ?6 

IQ’3  1069.76 


31/12/99 

31/12/99 


TASSVNrACK 

THAI 


BHtiHL 

ST.  JOHAiih  IM  *«U>E 


6 PATHUSDUH? 

7 LlShZ 

9 ilSJiZ 

mouth  of  isbl  a. 

**10  LAVAHT 


_--W- 

T<> 


7JKCbJt03 

398.5? 

1 

378,6  j 

1C6? 

1055.? 

u:<t2l5fc38 

379.48 

597.4  1 

• • * 

620 

689.8  . 

'Jiayj0$c 

26.05(3) 

S18,4 

1 

925 

521.  G 

UH1969?4 

15.75(3i 

. 

1077.8 

1 

75l 

?4  4.8 

U!C85894 

2.27(9) 

1 

1152.1 

1 675 

- 

UM2958'92 

1.21(3) 

1196.7 

; 673(1) 

666.6 

UM302889 

.60 

1197.5 

675(i) 

. 1 — 

UM298883 

369.27 

671 .9 

67? 

671.2 

UM308885 

363.6 

- 

] 670 

— 

UM35&861 

362.6? 

1900.8 

! (M^ 

i 

645.0 

UK358861 

362  *47 

1989.  & 

i 

UM360358 

362.*20 

ldrtu.4 

1 

1055.?  1°4C  1056.90 

I . r 1 f. 


14/2/28 


1939 

1933 

1 

£10.53 

813.53 

9/3/22 

9/3/28 

-3?o 

-70 

1040 

921.00 

17/2/33 

78 

1933 

927.8c 

25/  3/3* 

-20 

1939 

?45.?8 

2/1/8? 

3/3/°9 

46 

-40 

1932 

673.55  ' 

28/2/30 

lb 

1936 

669-93 

••  2i/l/‘*3 

05 

1931 

669.29 

29/3/36 

-25 

1933 

b71.20 

28/3/42 

* 

1940 

644.49 

I 

i 27/2/94 

00  • 

1^3 

646>9 

! 19/7/31 

38 

1930 

645.95 

27/2/94 

-14 

v/ yr  jc  • 

(Austrian  naa*  of  the  river  is  BEAU;  Yugoslavian  na-ne  is  JRAYA, 


a.ra.r  «1=«  1.  «a  a .ace  -»a  of  =»« 


O'  Ayorox.  top  of  di^es  — 

(2)  See  paragraph  >0’  for  eourco  0.  a*„a 
(?)  Kiiomrters  stove  nouth  of  river 
(e)  j5r. t icv» »ed 


A.:-'  j- 

- - / - 


12/1C/S9  350 

12/1C/B9  250 


28/9/*»2 


28/9/42 

5/6/ZAs 


7/7/46  513 

20/7/31  220 


14/9/03  380 

14/9/03  280 


20/7/31 


9/8/45  380 

2C/10/85  270 

2C/ 10/86  2°0 


1924-30 


102.3  42 


14/9/03  527 

20/7/31  253  T,v 

14/9/03  41C  S00^*' 
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or  (.a  :v.~a  - otal<  (urava)  river1 


« fi 

Watlgn 

.Ri»or» 

t.T.f!.  Grid 

River 

[LthI 
| Art 

Nunber 

Naass* 

Cocrdiratcs 

I K«iV* 

6: 

! AUSTRIA 

* 29  SKBRUCKE 

? 

1 

S.Ka£ACH 

UK3 66656 

1*090) 

• 26c 
2bt 

j 3c 

3EEBACH 

LIES*?. 

t>6662 

4.57(3) 

lO 

i 31 
1 

0 yi  r^rtm  > » 
v>A  A 1 1AU 

ajI  £*SxaR 

852358 

853053 

4.10(3) 

3.2SO) 

102  3 

1024 

1 32 

SPITTAL  a.D.  DRAli 

LI£S£R 

856660 

2.62(3) 

1024 

iiiraiuage  1 Ai  > ro*  is»tc 


' V 


| ic.u.A.  1 Meters  move  Aarlatl; 


HOUTK  CF  LBSSi  R. 
33  MAUTHBRUCKSli 


brau 


85784 1 
856822 
93677? 


1.60  1C36.5 

296.1 

266.03  4:10.1 


Apnroxl&ate 

Zero  j 

Mini  era® 

Stream  led 

T 

Year  ; 

Qj  • u • A . 

Date  ! 

1 

MW 

cm 

■ Aariatlc  Sea' 

- J 

1933 

586.97 

3/3/22 

99 

1940 

1 

507.97 

3/3/27 

—1 

- 

1461 

576.20 

30/1/4? 

65 

_ 

, 1929 

572.84  : 

: 16/1/22 

-Q0 

! 1930 

550.4? 

1923 

(-65 

_ 

, l°33 

554.  S'? 

30/3/32 

-65 

1965 

561.02 

23/9/47 

82  - 

Mean 


Period 


KV 

CB 


1924-33 


26.2 


* 

Marlmua 

— 

W 

n3/ aec 

Date 

HHV 

CB 

■ HHq 

iB^/eeo 

21/5/17 

230 

• | 

21/5/17 

130 

- 

7/7/46 

440 

- 

24/5/06 

205 

- 

25/9/24 

110 

I 

20/ 7/ 31 

120 

j 

- j 

7/7/46 

328 

! 

i 


•*34  - FEISTSITZ 


THAU 


004728 


270.32  4840.2 


<C9 


1 

j 

1 

35 

TaCKEf.BCR? 

WiJISSLNSiiS 

696752 

10.Co(3) 

42.** 

1 

- 

- . i 

— 

■ 

j 

49.5 
49.5  ; 

36 

MCSS1ACHE3 

ifEISSSbSSE  j 

j 

1 

3? 

DUAL 

WaISSEKBVCK  I 

1 

\ 

964727 

2.31(-'; 

iso.; 

iOC*  4 

- 

36 

I 

VI LI  ASH 

JRAU 

Y 8132627 

257.22 

5:65.4  - 

69./D 

39 

3T.  AliORA 

OSS I AC HER 

155672 

0.5o(3) 

165.4 

- 

MOUTH  O?  OSS I ACKER  SiKcACa 

143633 

154.22 

- 

- 

‘ 

! 

40 

MAiAdAKfi 

GAIL 

! 1 t< 

^0  r»o ( 3 ) 

/ OA  . W / - 

1 

- 

i 

41 

RATTEMX-R?  ' 

GAIL 

662650 

57.20(3) 

59^.4 

i 

- 

H0TXS: 

See  page  1,  Table  3 

513.1 

1373 

1340 

i 

514.10 

513.10 

14/12/55 
| 14/12/59 

66 

32 

- 

- 

l 

| 

305.2 

1 

1933 

l«no 
1 ... 

• 506.22 
5C5.22 

1 14/2/31 

1 25/2/33 

L. 

-4C 

54 

| . *>924-33 

1 

167.5 

(Broken) 

• «*m  * 

A / 4/  I 

i 

- 

- 

19-':  C 

1933 

’C?R 
1 - - - 

926. 2t 
927.23 
<=26.96 

! lt/9/ll 
16/9/11 

0-3 

-1? 

1 

• 

i 

1 

i 

665.0 


4—' 


■^P«SJfctAgSS 


1^"’ 


...  ViC-  +.7."- 


2/11/5 


428 

528 


660 

560 


230C 


24/11/26 

26/11/26 


199 

99 


1929 

53~. 56  ! 

16/11/47 

89 

1933 

539.56 

1 

li/3/i>9 

3 

1940 

485- 67 

9/ 2/ 22 

47 

1^33 

48b  a 34 

9/2/22 

-53 

1939 

500.57 

30/4/44 

79 

1933 

501.57  ' 

i 

9/2/22 

• 1 

19BR 

697.85  ' 

26/1/2G 

-395 

1939 

692.05  : 

22/2/35 

105 

1933 

596.10  I 

25/1/97 

-10 

1940 

595.10 

12/3/40 

55 

22/9/20 

22/9/2C 


32C 

220 


1526-33  162 


15" 


2/15/51 

2/11/55 


630 

530 


1900 


26/11/26  229 


- "i 


1 

i 

' 

26/11/26 

129 

1 

t 

— 

- 

T " - _ 

— , _ 

15/9/0? 

740 

j ' 

5/ 10/ 35 

440 

i 

27/5/14 

280 

! 

i 

5/10/35 

41C 
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Reaarfc* 


■'  * 


> 

Sc  suitable  sites  for  atlll’tttsr  obstacles 


^30 


5 


2.5 


c.5 


212.5  MVVl/lOB-I  4;  54  Hd.  ?r.  =r,Xir?3 

(1)  Additional  sitae  considered  unsuitable  due  to  high  banka. 

(2)  Sva ape  neat  XX»S*NJ"0R?  north  of  left  bank  be  euppleaer.ted  to  fora  barrier  parti  lei  to  river  5”“  “a  ^rth  of  left  bank,' 


- • .•  ■ • • • • liitj 

Hirer  lisa  generally  in  deep 
* narrow  valley^  . ' - ' ^;~p 

Banks  generally  high  and  abrupt.  ‘ 

leas  than  1 1.5  1.5  , Flooding  confined  jo  right  bark. 


(1)  No  suitable  sites. 

(2)  Hirer  flow*  through  gorge  with  very  high  steep  aide*. 


2 

43.72 

K702/14-U 

670410 

PTIU  HR  Br. 

222 

3 

13.3 

K702/14-1 

886397 

03102  3d.  nr. 

192 

4 

-8.9 

R702/15-I? 

047310 

VARAZ3IK  Hd.  Br. 

169 

5 

-63 

11792/16-111 

49423c 

30TCY0  HR  Br. 

130 

6 

-114 

K702/32-1V 

834912 

2 ABCS  RH  Br. 

107 

7 

-148 

K773/5660W 

??07?2 

Hit  Br. 

100 

8 

-190 

K773/56601 

* 824740 

D,  HIIHOLJAC  RS  Br. 

93 

3,1  -Limited  local  flooding. 


4.0 

2 

9 


tittle  or  no  ovsrbank  flooding. 

4 1-2.5  Leas  than  1 8 

6 5-7 less  than  1 35 

Little  or  ns  S7-il*ak  flooding. 

Little  or  no  orerbaak  flooding. 

5 3-5  Les*  than  1 20 


8 

35 


If  fee  tire  width  of  Hirer  Increased 
to  500-600  a by  ewaaplng  area 
between  meander  channels. 

Iff active  width  of  liver  Increased 
to  500-750  a by  swamping  area  r' 
between  meanders.  ^ 

Confined  .mainly  to  right  bank. 

Elevation  of  top  of  bank  la 
approximately  126  a.  a. A. 

Flooding  of  15  km  long  meander  bed 
i.  tar  ting  12  ka  upstream  fro* 
bridge. 

Flooding  of  old  aeander  bed*  for 
distance  of  18-20  ka  npatreea. 


20 


ifey  be  possible  to  utilltS  swaap  areas  north  of  1JIGRAD  & BOTCVO  ae  effective  drainage  obstacles. 
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2*ach  of  K05  Hirer 

pi  te 
ho. 

MUR 

Hirer 

Km. 

A e 1*1  . S , 

. . Map  :.o. 

UTh  orid 

Sarias/Shse? 

3O\^^~S£S*^ST‘riR0  (Kw  in.) 

1 

ho  suitable  sites  for  Stillwater  otrt 

'■HirSSaSKaC'wflSA'J  H.  (a«  t>) 

9 

.100  • t 

M7C2/6-III 

?d?C6 

100  to  SO 

' — iasDAVA  -S  DCiPL  -STOSS  tcu 

Area  between  these  rivers 

JO 

52.7 

M707/ 7*111 

lOt  $.’c 

11 

9.0  , 

H773/5^5oW- 

005357 

I e.:a  lor 


* - 

— 

Dineosiba*  of 

inundated 

JLrea 



~ 

Description 

.rod  Kiev. 
n.u.A. 

.Height  above 
M 

< r'j 

Lcr^rtii 

Kb 

A vc raps 
width 

I?  . 

.Average 

Depth 

Area 

Kb2 

.To  In  as 
1C  6 m3 

i entries  *•»  |C/ 

- . ■r'iV'Ilv  v.ii-L 

' 3RSBVKG- 

<10.0 

5.C 

3-h 

1.1 

17 

16 

River  lias  generally  In  narrow 
▼alls?  with  steep  strnaS 
gradient  and  abrupt  high  TsankP. 

.*•  ~*  :lt* 

IS.  Sr.  w’P'SK.t-i’WJDIiCE 


“R  Hr  . ..I-.  KCaORIEA 


Bfc.Jr  elevation  epproxi me l ,e iy  165  is.u.A.  { X»  * ; > c) . Any  blocking  above  this 
vie  vat  It'::  would  probably  cause  coc“  Meratle  flooding  between  L2DA7A  & JfJH 
Rivero*  _ * See  .rote  clove),, 
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Will  cause  flooding  o:  ell  Oteiiutr  beds  3«-4  ka 
upstream. 
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.SUWARV  0*  KiTLCTS  0?  ARTIFICIAL  FVR©  WAVES  AW>  FLOW  VARUTIC-HS 
DRAU  (DRAVA)  RIVER  RAblb 


Peak  D1  sc harge  ( m)/e»c ) 


River  De 


ttm:  width 

U«> 


Kean  Surface 
Velocity  (a/sec) 
Initial  Crest 


[Flood 


Hirer 


Tyne  of  Outflow 


River 


Increase 


Crest 


Increase 


(All  Reservoirs^ 
Initially  full; 
open  all  gates) 


IAVAJiUEsD  DAK 
DRAYCGEtAD  lUh 
VUZMICA  DAM 
FALA  DAH 
MABIhOR  JaH 


2.0 

t.5 

Banxftdl 
Bankful l 


D.  KIHOLJAO 
MOUTH  OF  DRAVA 


SCEWABKCK  DAH 
1AVAHU2SD  DAK 
DSAVOGRAD  DAK 
VoTaKICA  DaK 

fala  dak 

MASI30H  DAK 
PTUJ 


(All  Reservoirs 
initially  foil; 
open  1 gate  ea. 
except  FALA. 
where  2 gates 
are  opened)  - 


SCKWABECE  DAK 
iLAVAKUEBD  DAM 
:DtiAVO'-tUD  DAH 
iVu'SSKICA  DAK 
FAU  DAK  r 
[KARIBOS  OAfia 


(Ocen  h gates  with 

SGWaSSCX.  foil; 
all  others  open 
and  empty  or 
destroyed) 


Bankfoll 
Within  hanks 


D.  KIEOxDAS 
MOUTH  0?  DtlAVA 


FOGTHPCJS  : ' ; 3*^  1 ’ W 

(a)  Zero  Tim' opening  of  SCHWABSCA  Gates  S- 
(h)  Considerable  flooding  below  £ai  -Z4& 

(c)  Sstianted  by  comparison  with  1926  flood  data 

(d)  El lone t ere  above  south  of  MUR  BIVaE 


ry  Hydrology  ?£0  Branch 
Corps  of  Knginoers . May  1953 
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- 

0.5 

0.5 

o.5 

1.5-C.C 

0.5  .. 

2. 0-5.0 

it  f 
w».' 

0.5 

0.5 

- v.5 

- 

• 

- 

- 

- - 

— 

- 

• ~~  ■ 

- 

- . 

m 

- 

^♦7 

- 2.1 

3*3 

2.3 

3*3 

2*7 

fc.l 

l.C 

1.1 

- 

UVliriUC.FI  I IflL 
SECURITY  INFORMATION 
TAKE  6 (CQKIIBtSD)  — 

3JKKAK1’  U c KtTSCfa  OF  aPTIFICIAI.  FIXJOD  WAVES  AiiB  yW4  VARIATIONS 
DIUc  ( laUTA)  RIV£R  BASIN 


— 

Flood 

tip. 

.Type  ol  Outflow 

-DCCtttiOE 

f— 

Hirer 

k 

„ ...  ■ ,.j 

ijrlow  Variation 

SCHVAHMCK  BAM 

dhau 

SCHWAB5CX  full: 
All  otters  ip* a 
and  espty  or 
destroyed) 


Major  Floodware 
(10x2Cia  Frapo- 
scidal  Brooches 
ia  PACK  and 
KIBSSIttKW  MHSJ 


WSJar  Pioodvarr 
(23i20b  Trape- 
sbldai.  Broach 
PACK  ac 4 
iUSHSHAlih  DAMS) 


.TUv«i* 

LB. 


lAVAMltiihi)  BAh  ■ 

Dh ATOGKAB  DAM  » 

.rJSSNICA  HAS  11 

?kU.  DAK  " 

MARIROR  SAGE  « 

PTUJ  ' « 

0RMD2  * 

BAR$S  • 

D.  J4IHOUAC  r 

MCUT3  OP  BRAVA  * 


153 

14? 

136 

124 

'?! 

?? 

44 

12 

-111 

-190 

-262 


KlSTAtlOS 

of 

Peak  Flow 
(a,u.A.) 


PACK  DAM 
EIKHSMAnN  DAM 
MliiDOK 

«®KK- 

MOUTH  CP  WJR. 
BAJ#S— ~ 

D.  WEOBJAC  - 


TSIGITSCH (d)  223 
" (a)  211 

W8.  —(d)  155 

" _ (a)  ns 

" id)  G 

3BAU  -111 

" -IOC 


PACK  2AM 
5JXHSMAMD  DAM 
HILDOM 

iwStSTuf  mus 

BASS’S 

B.  MiaGnJAC 


TETGITSCH  (d)  223 
Cd)  211 


- * 

r=^Klx~~ 

* 

DSAU 


(i)  155 
(a)  na 
0 

-111 
-190 


(d) 


249.1 

219.6 

190.? 

107.4 

91.0 


294.3 

231.6 

1C2.9 


295.1 


102.9 

90.? 


Peak  Di 

ecaerse  (nl/a* 8) 

Hirer  Depth  (b) 

Overflow  Depth 
at  creiE  <*) 

Hirer  Wdth 
(Kb) 

Initial  Crast 

— . Kean  Suriac* 

Ve  loetty  ( «/  eec  ) 
Initial  Creet 

Initial 

increase 

ra 

—1 

irltifcl 



lxicre*«e 

Craft 

275 

2125 

^ - 

•4- 

a* 

L _ * 

. | « 

275 

1450 

1725 

_ 

• 

«» 

. - ; 

— -_-,w  . ■ -J 

r 

275 

1275 

1550 

_ . 

_ - 

m ; 

• 

275 

U5C 

1425  - 

- 

_ 

• 

_ 

• ee  ^ 

c60 

1235 

- 

- 

- 

• 

• 

- 

. 

TOO 

90C 

1200 

0.9 

1.3 

2.2 

0.5 

C.5 

1.9 

2*9 

'*60 

620 

1200 

3.6 

■1.1 

4.7 

Pankfnll 

0.5 

(ii  5-1.0 

2.1 

2.8 

• uro 

770 

1170 

2.2 

1.3 

3-7 

0.7 

C.5* 

2.C-4.0 

2.3 

2.6 

600 

590 

2.4 

- 1.4 

7.3 

3ankfwll  — 

'O.J 

^5- 

2.7 

3.4 

66C 

4(0 

1060 

1.9 

1.0 

2.9 

Mithin  bank's 

D.«'t 

0.5 

1.0 

U 

TOO 

“30 

10  TO 

- 

- 

- 

•{bl  (e) 

0.5 

2.0-3. 0 

- 

- - _ 

•0 

25  CO 

250c 

«a  — 

— _ 

' ' 

*■ 

0 

22  CC- 

-?5vAj 

- 

- 

- 

_ ' 

- 

— 

• 

' w 

-130 

650 

960 

2.0 

3.5 

5.5 

o.e 

oa 

0.2 

1.6- 

2.9 

15s — 

631 

?33 

1.9 

1.9  - 

-3.6 

Bankful 1 

0.1 

0.3 

3.3 

2.5 

- 290 

4?  5 

675 

' _ — 

— ’ _ 

6oc 

350 

det*- 

2.4 

0.9 

3.3 

Vi  thin  tankb 

0.5  . 

C;' 

2.7 

7.2  . 

S' 

- 205 

565 

1.0 

0.7 

2,6 

H •» 

0.5 

0.3 

1.0__ 

i.l 

c 

4050 

4C5C 

«. 

4$Aft 

4050- 

• 

• e 

- 

-r 

- 130- 

— 9JC _ 

1060 

<1.0 

~..C 

5.6 

"Tel 

0.1 

~T.6 

3.0 

1 150- 

•’CC 

910 

l.t- 

2.0 

3.9 

Bacfcfull 

0.1-  — 

0.3'"  . 

1.7 

^2.6 

1 200  _ 

r - 510 

710 

- - 

- 

■ « 

. ' 

, - 

l 60  G 

395 

995 

r.4 

C.9 

3.3 

Vi thin  banks 

0.5 

0.5 

2.7 

3.2 

660 

215 

675 

1.9 

0.7 

2.6|  — * « 

-5  r~  ' 

0.5 

0.5 

1.0 

1.1 

(a)  Time  (hrs.)  • 


Start  of  Riee.  I Crest 


TOOTliOTES: 

(a)  Zero  Sine; opening  cf  SC  HW ABACK  Gates—  ; 

(1>)  Considerable  flood  lag  balov  KM  -244 
(c)  Setxuated  by  coapari»on  with  1926  flood  data 
-(&)  - SiioneterB  above  ooutn  of  MUR  RITTER 
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TA  *!.*:  y 

Lfi\D  CrtAKACTKRlSTICS  CF  U.  S.  ARMT  FOATII*  B*1JG?'-C 
< V f;.LaTtw;  5RI1WSS  (by  VtiA  :iTT , by  TTFS.  by  RILAI’IFJ:  CFCSSIKft  SAJ7TT  } 
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■ ■“ **  ■■  — — 

*—  * — 

— 

Roleti-fe 

Crest i as  Safety 



— 

—• * . ~ 

Safe 



Caution 

Risk 

Velocity  ta 

tn* 

Status 

(1952) 

Naziaua  Surface  Velocity  m~ 

fp* 

;Vec 

fpe 

Maxlnun  Surface  Velocity  jec 

Maxisrua  Sarface  Velocity 

l£L 

■/ooai 

doe troy  with 
ao  Load  (fpa) 

- 0 l 

.JL . 

J . 5-  2 

1 9"  ! h 

3 

5 

- Z... 

9 11  j 

3 — 

*)  1 

? 

I ' 9 

11 

o ? 

0,?2 

v^a5  ; 2.1 

TT; 

i **  L 

i 

Q .92 j 1.5 

2.1 

2-7  3.*  J 

-Qjt£? 

-Lit. 

2.1 

j 2.7 

3> 

JG  Aseault  Boat  3rid«a 

w ' 

& 5 

• i 

r 

i 

i 

r- 

i 

( Hartal  Cap* true ties) 

Standard 

« 1 

8 

- 

- 

8 

6 

- I * 

9 

7 

6 

10 

1 

! 

M2  Aauault  Boat  Bridr* 

f 

i 

' 

i 

1 

1 

i 

. (Salafcrdad  Canatrnctian) 

Standard 

n 

13 

d ? 

- 

13 

11 

! 

Y 1 
K 

12  ' 

9 

• - 

_ 

9 

1 

1 

Widened  Stool  Treaivsy  Br. 

Standard 

5C 

50 

50  . 40 

30 

15 

50 

50 

^♦5 

35  20 

55 

55 

50 

*5 

3c 

1U 

l 

i 

| 

50~T  (Divisional  Airborne) 

Standard 

50 

*♦5 

j ^ 30 

in 

- 

50 

l*r 

■*5 

15  ' - 

55 

5C 

u5 

25 

- 

12 

i 

f 

1 

Wt  ( Korea  1 Cone  Unction) 

1 

. 

(15‘  Bay) 

Standard 

55 

55 

55  35 

^5 

30 

60 

6r 

60 

50  60 

65 

65 

65 

55 

45 

16 

Stool  Class  60  float  lay;  Br. 

Standard 

60 

60 

60  55 

50 

15 

65 

65 

60 

55  30 

?5 

75 

70 

65 

^5 

- 

M4  {ftelaf oread  Construction] 

— - 

’ 

l 

4 

1 

(7*'  Bay)** 

Standard 

95* 

t 

95* 

95»  OS* 

70 

Lo 

10C‘ 

100* 

100* 

*5  55 

1C5* 

105* 

1 

105* 

10c 

70 

16 

i 

4 

i 

• 

r 

MI-V6 

DcYolepsental 

55 

50 

i 50  50 

35 

15 

( No 

further 

data) 

1 

1 

1 

. : 

I 

! 

1 

l 

e> 

i 

1 

A) uaieua  Close  60 

J 

i 

1 

\ 

Pleating  Br. 

Developmental 

70 

70 

?f,  6 s 

C.C 

^5 

( No 

fur tner 

data) 

■ 

» 

1 

1 

1 

1 

-J 

Prenarfd  by  Military  Hydro  lor-  S*>7  Branch 

•Task  data  illslUi  by  vldta  of  roadway  ana  wiatu  of  tank)  ki  sriir^ton  Listrict,  Ccrp*  c ?.o#:incer» , Hov.  1952 

••(100)1  reinforced.  with  full  Pentoeae) 

S0U3CS5: 

(1)  Bef  Cl 

(2)  Baf  62 

(3)  Kite  data  Baer.  BAD  Lab.  Barr.  Cantor,  Ft.  Belreir 
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PLATES 


1.  - General  Map 

2.  Physi  / graphic- Dianr-ajn 

3.  General  Profile 

4.  ~3trenm  Profiles 

a.  ,-DRAIJ  River,  LIENZ-VUZmCA 

b . -  DfiidtJ  River,  VTDLKS RMARK  T-BOTOV 0. 

c. .  DRAG  River,  BOTOVO-DANUBE  R. 

d.  MUR  River,  MUR  FALIS-BRUC  K 0. 

e.  _J«UR  River.  ^RJCK  O.M.-DRATJ  R, 

5.  "Vclocityj  Depth,  Discharge  Profile 

6 . Mean^-onthlp  S tagos 

a, .  K’n  362-Kh  257 

b.  Ba;  250-Khi  .147 
- c-»  KTi.l36~Kr.  23 

7.  Stage  and  Discharge  Duration  Curves 

a . MTOLJAC  a. 
h . FEDE20iUN-R/J)KSRSI5fJ  P.G 

8.  Discharge  and  Velocity  Rating  Curves 

r. . UVART-VILIACH  • 

b.  R03  EGO-NS UBI2JC  X£ 

c.  PTO J & 0HM02. 

a.  3 ARCS  & D.  MLHOLJAC 


9*  Sketches  of  Darts 

a . SCH^fABBGK  & IAVAMDND  . 
b.  FALL  & MARI30R 
o._  AFtfOLDSTELN  £■  PEENEGG_ 
d,  PACK  & HISRSM/illl* 


10. -  Inundation  by  Still-imter  Barriers 

a.  LTST'Z-FAIA 

b.  -FALA-MOU  TH 

11,  Reservoir  Storage  & Discharge  Ratings 

a . SCEWABEC  K-VIJZEN  3C  A 

b.  FALL,  MARI  DOR,  PACK  * HTEESMATS 

12.  Crest  Pro  fi  les,  Artificial  Fl  t-ds 

13,  Stage  Hydrograohs,  Artificial  Floods 

a,  MARIBOR  & ORMOZ 

b.  WILDOS  &;D.  JMLJAC 
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EXHIBIT  A 

ABSTRACTS  OP  TECHNICAL  LITERATURE 
ON  THE  DRAU  (DRAVA)*  RIVER 


1,  dhbmxjchon 

a*  This  exhibit  consists  of  abstracts  of  infarraticn  translated 
from  technical  literature  concerning  the  physical  and  hydro  Logic  charac- 
teristics of  the  DRAU  (DRAVA)  River  and  the  pertinent  features  of  the 
major  hydroelectric  power  dams  in  its  basin*  The  information  was  obtained 
from  American,  German,  Austrian,  Swiss  and  Yugoslavian  technical  literature  * 
The  sources  are  listed  as  References  12  to  14  and  18  to  34,  inclusive,  in 
the  Bibliography  the  text  in  toe  main  body  of  this  report*  In 

selection  of  abstracted  material,  primary  emphasis  was  place!  upon  hydrau- 
lic and  hydrologic  features  that  would  be  of  uso  In  the  study  covered  by 
this  report*  Reference  should  be  made  to  the  basic  sources  for  other 
critical  features,  such  as  structural  and  electrical  factors.  The  informa- 
tion a /ailabie  in  toe  sources  in  many  cases  is  incomplete.  However,  it 
is  believed  that  the  material  presented  in  this  exhibit  would  assist  in 
determining  the  relative  military  hydrologic  potentialities  of  the  hydrau- 
lic and  hydroelectric  developments  now  existing  or  proposed,  within  the 
basin*  In  addition,  this  exhibit  might  bo  utilised  to  supplement  Informa- 
tion obtained  from  other  sources  and  from  field  reconnaissance  or  to  serve 
as  a guide  to  indicate  too  nature  and  extent  of  desirable  additional  data 
to  bo  supplied  by  further  research  and  intelligence  procuronent , 

b,  -Specific  reference  is  also  made  to  the  general  map,  Plate  1 
of  the  report,  for  locations  of  important  elements  and  to  Table  4 of  the 
report  for  strmiarised  pertinent  data  on  hydroelectric  structures.  Serial 
nunbers  of  hydroelectric  power  developments  as  shown  in  Table  4 and  Plate  1 
of  the  report  are  included  in  this  exhibit  to  facilitate  identification* 

The  river  kilometers  cited  in  this  exhibit  correspond  to  the  system  used 
throughout  the  report  and  described  in  paragraph  1- 04s  of  toe  text* 

2.  HISTORICAL  BACKGROUND  (Basis*  Referonoes  12  & 13) 

a.  The  DRAB  (DRAVA)  River  is  an  international  river.  It  origi- 
nates in  Austrian  territory  and  joins  the  DANUBE  in  Yugoslavian  territory. 

It  sorves  as  the  international  boundary  between  those  two  countries  for 
5 kit  between  DRAVGGRAD  and  IAvAMUjo© . The  DRAU  River,  together  with  its 
major  tributary,  the  MUR  (MURA)  River,  also  forms  tho  international 
boundary  between  Yugoslavia  and  Hungary*  The  exact  location  of  that 
border  is  highly  controversial,  as  the  boundary  line  does  not  follow  the 
center  of  toe  stream  but  changes  from  on  a bank  to  the  other  of  the  many 
river  moandern  in  this  so-called  PANNONIiN  DEPRESSION, 


#DRAU  is  the  (krman  and  Austrian  namoj  DRAVA  is  toe  Slavic  name® 

a— i > RESTRICTED 

SECURITY  INFORMATION 


2b 


' RESTRICTED 

SECURITY  INFORMATION 


b»  Ihtil  191S,  the  DRAU  River  course  lay  entirely  within 
AtETRIA-HUNQARY;  however,  because  of  the  dual,  character  of  the  monarchy, 
the  river  was  administered  from  2 different  hydrographic  offices;  one  in 
VIENNA  for  the  Austrian  part,  the  other  in  BUDAPEST  for  the  Hungarian 
part. 

■ ' * 

• 

c * In  1941  YUGOSLAVIA  rmz  overrun  by  Goman  Armed  Forces . 

They  demanded  an  irmediate  power  development  of  tho  DRAU  River,  to 
utilize  the  very,  favorable  hydrologic  conditions  feetwe®  XHW/J5E6K.  and 
MARIBOR,  This  development  started  in  1938  (after  the  German  seitureef 
Austria),  by  construction  of  a power  plant  at  3CHNABECK  (Serial  No.  1)  • 
and  Tra3  continued  in  1941  by  construction  of  the  LAVAMUEJJD,  DRAYOflRAD  . 
(DRAUBURG).  and  MARIBCR  (MARBURG)  oams  (Serial  Nos.  2.  3 and  6).  The 
FALA  (FAAL)  pjwer.  plant  (Serial  No,  5)  oxieiod  since  1919,  With  the 
exception  of  MAR3B0R,  this  entire  development  was  c- triple  ted  by  1944, 

The  government  of  YUGOSLAVIA  finished  the  MARTBOR.,  plant  in  1949  card  put 
it  into  operation  (see  the  general  map,  Plato  1 of  this  report  for 
locations),  „ ‘ . . , 

d.  Besides  those  5 power  plants  (nsmely  XHWABBCK  and  LAVASaJIND 
nar.r  on  Austrian  territory,  and  DRAVOGRAD,  HilRIBQR,  and  the  previously 
existing  FALA  nor/  on  Yugoslavian  territory),  the  Gormans,  together  with 
the  Austrians,  were  planning  4 additional  power  plants  1 at  SALDENHDFEN 
(VUZSNIOA),  WUCKEHJ  (VDHR2D),  FREEST  (BRSZNO)  and  ST,  OSWALD  (SV.  OZBOLD), 
Of  ihose,(  VUZENIfA  (Serial  No,  4),  is  nrrr  under  construction,  following 
the  original  Gorman  plans. 


e.  The  Austrian  portion  f the  DRAU  Rivor  is  under  the  adminis- 
tration of  the  Hydrographic  Office  of  Austria  ( Hydro graphischc  Zentral= 
Buero  im  Bundesministerium  fuer  Land  und  Forstwirtschaft,  man)  located 
in  V3BJNA,  The  Yugoslav  part  of  the  river  is  controlled  by  the  WSoviot 
Administration  of  Hydrometeorologic  Service  of  Federal  National  Ropublics 
of  Yugoslavia*  (Savanna  Uprava  Kidromotcoroloske  Sluzbo  FNRJ)  in  Bolgrade, 

3.  ©NERAL  DESCRIPTION  (Basisi  References  12  & 13) 


a.  The  DRAU  River  originates  on  the  TOBLACH  PASS,  elevation 
1192,0  m»u,A,,  in  tho  Austrian  province  of  TIROL,  and  flows  easfcrard 
througi  a valley  known  as  PUSTERTAL,  That  valley  is  marked  by  vast 
glacier  moraines,  and  rubble  and  sand  terraces.  Tho  river  descends  very 
fast  through  a deepening  and  narrowing  valley;  the  mean  gradient  is  0,12 
percent  until  it  enter;  the  deep  basin  c-f  LIENZ  (elevation  673,0  m«u«A«), 
at  river  I6n  369,*  Here,  it  is  joined  by  one  of  its  major  tributaries, 
the  ISEL  River,  a very  wild  and  swift  glacial  stream,  55  ten  long,  fed  by 
numerous  streams,  such  cs  the  TAUERNBAGH,  KAL3ER3ACH  and  others,  carrying 
the  outflcw  of  tho  BREIFEiRREN,  SFXTZB  and  GROSS  VEUEDIGER  glaciers. 

Some  of  the3o  tributaries  are  already  developed  for  hydroelectric  power 
production;  others,  such  as  the  MATREI  and  HU  BEN  power  developments  are 


#Kilorietcrs  from  1912  Austrian-Hungarian  border  as  described  in  paragraph 
L-04e  of  the  main  body  of  tho  report. 
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still  in  planning  stages  or  already  under  construction*  (See  paragraph  11 
of  this  esdiibit), 

b.  Dolour  LIEHZ,  the  DRAU  River  valley  widens.  The  stroan  bed 
itself  is  higher  than  most  of  the  valley  floor*  which  results  in  froquent 
flooding  of  the  valley.  At  CBEHI)RAUBBRG  (Kh  350)*  the  valley -again 
narxws  and  the  river  crosses  from  the  Austrian  provincial  boundary  fran 
TIROL  into  KAEHNT5N  (CARINTHIA)*  At  KLSEB/jCR  (ifo  318),  the  river  turns 
northward  to  SAGRSENBURG  (Kh  312),  where  it  joins  the  M03LL  (M&LL)  River, 

o.  The  M0ST1,  River,  80  km  long,  originates  in  the  PA37EURZ 
GLACIER  in  -the  HI*  TAUERN  * It  is  f od  by  numerous  tributaries,  mostly 
small  wild  streams  bringing  the  runoff  .from  steep  mountain  ranges  on  both 
sides  of  the  MOHXL  River  or  carrying  the  witflow  of  high  Alpine  lakes. 

The  most  outstanding  tributaries  arc  the  REISSBCK  and  kRE!f?ECK  si ram 
systems,  including  the  so-called  KARSE®  (lakes).  Their  exploitation 
for  p /. 'er  production  is  under  construction.  (See  paragraph  11  of  this 
exhibit). 

<1  S;  , 

d.  At  Itn  296 , the  Dlt'.U  River  is  joined  by  the  LIBS®  River 
which  carries  .utflor  af  the  MILISTAETTER  LAKE  whose  area  is  13.3  km2. 

At  Kh  279,  the  WEISS® BACH  joins  the  DRAU  River.  The  WEISSENBACH  carries 
tho  outfit*.'  of  the  WEISSINSEE,  a lake  of  6,4  km2  area  and  considerable 
storage  capacity.  (See  paragraph  11  of  this  exhibit). 

c.  At  VULACH,  Km  258,  the  DRAU  River  enters  what  is  known  as 
the  ^JNTERDRAUTAL, • a valley  of  alluvial  character  in  contrast  to  the 
glacial  character  of  the  DRAU  valley  upstream  from  that  place.  The  valley 
is  outlined  on  the  south  by  the  bare  ai.d  3teop  slopes  of  the  KAiy.WANKEN 
MOUNTAINS . The  SATTNITZ  HILLS  parallel  the  DRAU  River  on  the  north* 

f * At  Kh  255  on  the  left  side,  the  DRAU  is  joined  by  the 
TREFFLN3ACH.  That  stream  carries  tho  utflsw  of  C3SIACHBR  SEE,  a lake  of 
10.6  km2  area.  The  confluence  of  the  GAIL  River,  tho  largest  right  bank 
tributary  of  the  DRAU  River,  is  located  at  Kin  253.  The  GAIL  River  is 
115  km  long.  On  it  is  located  FAAKER  L/ATS.  2.2  km2  surface  area,  a lake 
now  being  developed  for  hydrooloctric  puwor,  (See  paragraph  11  of  this 
exhibit). 

g,  Tho  DRAU  River  then  flows  through  the  KLAGENPURT  basin. 

That  basin  extends  to  JAUHTAL  and  has  n floor  elevation  of  449*0  m.u,A, 

At  tho  lower  end  of  the  basin,  the  DRAU  is  joined  by  the  LAVANT  River  at 
Kh  188,  The  LAVANT  River  drains  the  STUBAI  ALPS.  Then  for  4*6  km,  the 
DRAU  serves  as  the  in-temati>  nal  boundary  between  AUSTRIA  and  YUQC33LAVIA, 
At  Km  142,  tho  DRAU  crosses  the  present  boundary  into  YUGOSLAVIA  * 

h.  For-  c.pproximatoly  65  km  between  DRAVGGRAD  and  M/AUBOR 
(MARBURG),  tho  DRAU  River  is  encased  in  the  esoarpment  between  the 
POHDRJE  PLANINA  (BACH®  GEBIRGE)  on  the  south  and  F0S3RXX  on  the  north. 
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The  valley,  because  of  its  geological  character,  is  unusually  suitable 
for  paror  acvclopriontj  as  v/as  planned  and  partially  executed  by  the 
Austrians  and  Germans  and,  sinco  1945,  has  bocn  developed  by  the 
government-  of  YU  QOS  LA  VL'.  , 

i»  Tho  DIL.U  valley  widens  bolcw  MARIBOR  into  the  basin  of 
PTHJ  (PETTAU),  flo.,r  elevation  22 1,0  m.u#A*  At  VARAZDIN  (Bn  -7),  the 
DRAU  River  enters  tho  groat  plain  of  PAN NONl A and  flows  along  the 
Slavonian  mngo  to  IEGRAD  (fin  -55),  thr  Junotion  of  its  greatest  tribu- 
tary, tho  MUR  (MURA)  Rivur,  Pnan  LSGRAfi  to  SVETI  JURAJ,  tho  DRAU  River 
flows  between  YUGOSLAVIA  and  HJNGARY  and  forma  numerous  meanders  bocauso 
of  unprotected  banks.  Fyam  SVETI  JtRAJ  to  O&JSK  (elevation  94.0  n*u*A. ), 
tho  DRAU  moander3  arc  straightened  by  regulation,  At  0SJE3C,  tho  flood 
ssono  of  the  so-called  miLLL  DUN  AY, - begins.  .The  actual  junction  of  the 
DRAtf  vdth  the  DANUBE  rdvor  is  approximately  20  km  from  0S1EK, 

4.  CEOtOdC  CONDITIONS  (Basis*  References  12  & 13) 

a#  The  DRAU  Rivor  follows  what  is  known  as  tho  •ORAUZUG* 

(DRAVA  TR/IL),  That  begins  at  TOBLACH  PASS  at  INNICHEN#  Here  originates 
the  division  between  the  CENTRAL  ALPS  of  the  north  ana  tho  DOLOMITES  of 
tho  south.  Tho  southern  rango  is  called  •KARNISCHE  ALPEN*  (C/JHNTHIA1I 
ALPS),  It  is  mostly  Devonian  limestone,  and  extends  east  approximately 
100  km  to  tho  GAILTTZ  BREAK . The  south  watershed  of  the  DRAU  basin 
follows  that  rid  go } the  GAILTAL  ALPS  run  parallel  to  the  ‘•KARNISCHE  ALPEN.* 
They  are  predominantly  Triassie  limestone  and  dolomite,  and  actually 
forms  the  southern  limit  <)f  the  DRAU  valley  as  far  aq,  V31LACH  (fin  257), 

The  DRAU  valley  is  the  longest  Alpino  valley,  and  forms  the  geological 
boundary  betwoen  the  Ircaic  ruck  of  the  CENTRAL  ALPS  and  the  limestone 
of  the  SOUTHERN  ALPS,  Only  where  the  DRAU  makes  a sharp  turn  into  the 
MOELL  escarpment  at  SACHSENBURG  is  Arcaic  slate  apparent  on  bath  sides. 

The  valloy  itself  is  of  glacial  origin  a3  evidenced  by  numerous  wide 
terraces  reaching  up  it*  heights  of  900  m» 


b.  At  VILLACH,  the  DRAU  Rivor  enters  tho  KLAGBJFURT  BASIN, 

75  km  long  and  approximately  20-30  km  vddo,  the  largest  basin  of  the 
EAST  ALPS,  Its  south  sido  extends  to  the  foot  of  the  KAAAWANKEN  MOUNTAINS, 
Its  floor  elevation  is  400-500  m.u.A,  At  tho  n:'rth  edge  of  the  basin,  wo 
find  Mesosoic  limestone,  Tho  inner  parts  consist  of  Tertiary  sediments 

flyvl  f*  i vr\  nl  nlo-  /3n  + lnlf  •»  iv  n ffl  tno^  »1  n Iff.  /.  fflJIMIJnflT  W 

»-»*  M arwu  VVtIArVU  W.,  SA  WVV  / V ***^  imWdUW  ilMOUMI  * V.M  ww.fc/^44 

is  of  glaoial  origin  and  tho  orosiun  of foot  of  tho  receding  DRAU  glacier 
resulted  in  forma  tin  of  several  glacial  valleys  and  scarps.  One  such 
valley  is  tho  CLAN  VALLE!  with  tho  08 31 AC  HER  LAKE,  another  valley 
^co-mnrdatos  the  ’TOERTHER  LAKE,  and  another  km«n  as  ROSENTHAL  includes 
the  bod  of  tho  DRAU  River.  Tho  former  VULACH  LAKE  disappeared,  leaving 
behind  marshland  and  a few  small  insignificant  pends.  The  11  km  long 
03  SI  AC  HER  LAKE  is  but  46  m deep.  The~17  km  long  TOERTHER  L'.KE , without 
any  tributary,  consists  of  tnr,  basins  of  84  and  73  m depths.  Marshes 
also  cover  tho  ZOLIFEU),  n-rth  ;f  the  KLAG^FURT  basin.  Another 
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charaoteristio  of  the  KLAGENPURT  basin  la  the  glacial  drifts  In  the 
forms  of  moraines  -with  large  rtfcble  and  gravel  fields  and  fans,  and 
the  small  glaoial  basins  with  marshes  or  peat  or  with  snail  lakes. 

The  steep  wall  of  KCRA LP1N  encloses  the  KLAGENFURT  basin  on  the  east, 
and  the  DRAU  River  enters  a narrow  vall^r  cutting  through  the  crystals 
line  sohists  and  gneiss.  These  are  the  basic  substances  of  the  PGSSU 
ROCK  and  the  BACKER  OBIRCHS.  The  northern  part  of  the  former  PC03ROCK 
reaches  to  an  elevation  of  1049  m.u»A.,  and  the  latter  to  1548  m.u*A* 
The  river  bed  in  this  part  follows  a Tertiary  seabay,  the  sediment  of 
which  is  noticeable  in  200-300  m thick  layers. 


c.  Below  MARBURG  (MARIBOR).  the  widened  BRAU  valley  enters 
what  is  Imown  as  the  PTUJ  FIELD  (PETTA.UER  PELS),  an  approximately 
260  km2  area,  consisting  of  a sediment  fan,  bedded  in  a basin  eroded 
bv  glacial  action.  The  lowest  part  of  this  area  is  marked  by  sinks  or 
sumps . At  MARBURG,  the  DRAU  bad  lies  approximately  35  ffi  under  the 
level  plain,  at  PTOJ  (PETTAU ) ID  m.  Below  PEMAU,  the  DRAU  valley 
widens  and  its  alluvial  bed  acts  as  a sump  Tor  the  drainage  of  the 
adjacent  terrain. 

5.  ilYDRCtOCHC  CONDI  HONS  (Basis*  References  12  & 13) 

a.  The  discharges  of  rivers  in  the  DRAU  River  basin  for  the 
1924-1933  period  are  given  in  Reference  13  as  follows* 


Reach  Length 
fan 

nw 

nr/aea 

cP/sec 

H* 

aP/sec 

ISEL  R.  at  LIENZ 

49 

11 

64 

149 

MOELL  R.  at  KDIBNITZ 

55 

7 

31 

220 

DRAU  R.  at  VILLACH 

135 

20 

168 

860 

DRAU  R.  at  LAVAMUEND 

240 

130 

294 

540 

GAIL  R,  at  PEDRAUN 

100 

16 

35 

290 

GURK  K.  at  RAIN 

:100 

15 

20 

30 

b.  The  runoff  coefficient  of  these  Alpine  rivers  is  con- 
siderably higher  than  in  South-Central  Europe,  reaching  50-75  percent, 
OGBpared  to  a coefficient  of  25  percent  in  the  Oerroan  lowlands  and 
40  pore  on  t in  the  central  mountainous  parts  of  Germany.  This  can  be 
explained  by  the  high  proportion  of  glacial  flow.  Consequently,  the 
evaporation  is  low  and  is  oonfined  to  the  sunnier  period.  The  runoff 
coefficient  of  the  DRAU  River  at  VILLACH  is  71  percent,  at  LAVAMUBTD 
62  percent.  The  yearly  discharge  of  the  DRAU  at  LAYVsMUEND  is  9*27  taw 
for  the  12,000  tar  drainage  area  as  shown  on  the  graph  on  page  140  of 
Reference  13. 

o.  The  winter  is  the  period  of  low  water  for  all  streams  in 
the  DRAU  region.  This  is  due  to  ground  freezing  and  also  to  iho  long 
duration  of  enow  cover.  The  period  of  lew  water  is  usually  longer'  than 
the  period  of  high  water. 
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d,  Trro  yearly  maxima  may  bo  noticed  at  the  VHJLACH  gagoi 
one  in  late  May  or  oarly  Jui»oi  and  tho  second  irs  July,  on  account  of 
stumer  rains,  Between  those  peaks  thoro  is  a sharp  decline.  At  the 
same  gaging  station  at  VILLACH  tho  total  yearly  discharge  in  the  wet 
year  of  1917  was  6,729  million  xrP,  and  the  daily  maxiiwtfn  flow  was 
88  million  m3.  However,  in  the  dry  year  of  1921,  the  yearly  discharge 
foil  to  3,066  million  m3  and  tho  maximum  daily  discharge  to  30  million  m3, 

e*  Observed  flood  water  data  on  the  DRAU  River  as  given  in 
Reference  13  arc* 


jssssss- 


River 

Cage 

cm  abomM 

Date 

DRAU 

OBH&RAUBURG 

300 

18  NcrrouLsr  1382 

do 

VILLACH 

440 

2 * 1S5I 

do 

AHMA3RUBCKE 

500 

13  October  1889 

do 

lavamuend 

650 

3 Noverbor  1851 

MOfiLL 

MOSUL  3RUEEKE 

260 

14  October  1903 

GAIL 

MAUTHEN 

620 

20  ' ■ 1896 

LAVANT 

KROTTENDORF 

310 

15  July  1926 

6.  SC}R7A3ECX  P07ER  PLANT  (Basis*  Reference  18) 


a.  General 

(1)  3CH5TA3ECT  Power  Plant  (Serial  No.  1)  was  planned  in 
1938  and  was  built  in  tho  period  1939  to  1943  during  ‘ftorld  *fer  n as  a 
war  project.  It  lio3  in  a part  of  Austrian  territory  that  was  annexed 
by  the  Germans  during  tho  war. 

j » 

(2)  The  dsn  utilizes  the  steap  gradient  of  the  DRAU  River 
between  TEUFELSBRUCK  (4  ten  upstream  from  V03LKERMARKT)  and  PIRl-SCfiMIDT 

(7  ten  upstream  from  LAVAMURND),  The  pool  of  SOHWABEDX  Dam  oxtends  up- 
stream 20  ten  in  a narrow  valley  nearly  entirely  unpopulated, 

i „ (3)  In,  accordance  with  comprehensive  wartime  planning  of 
the  Gormans  for  DRAU  River  developments,  tho  X TWA33GK  Plant  was  developed 
as  a pilot  plant  in  a chair,  of  5 h.vdraulio  developments  built  or  improved 
from  1939  to  1943  between  VOELKEHMARKT  and  MARIBQR  (MARBURG).  For  this 
purpose,  the  XCTABSCX  Plant  was  designed  to  impound  the  flow  of  the  DRAU 
River  in  a retaining  reservoir  of  2$  million  m3  oapaodty*  Out  of  this 
total  volume only  -5  million  m3  was  to  be  utilized  for  power  generation , 
The  water  impounded  in  tho  ,.3CHT7ABECK  pool  was  also  intended  to  servo  the 
other  downstream  power  plants*  LAV  AMU  END,  DRAVQGRAD  (DRAUBURG),  FALA  (FALL) 
and  MARIBOR  (MARBURG),  Serial  Nos,  2 to  6,  The  last  throe  were  coded  to 
YUGOSLAVIA  after  1945,  and  difficulties  arose  on  aocount  of  the  water 
supply  b.>  those,  plants  from  the  SCBWAB2GK  pool.  No  agreement  has, yet 
been  reached  as  to  the  disposition  it . this  water  between' AUSTRIA  and 
YUGOSLAVIA. 
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(4)  SCHWAB®  K is  con sfcructod  as  a so-called  •power  plant 
in  the  stro/rei*  (Kraftwerk  in  Strum),  a type  of  hydraulic  paver  utiliza- 
tion by  recans  of  direct  river  flow  (without  penstock),  regulated  by  a 
movable  weir.  In  the  case  of  3CHWA3ECK,  the  power  gen  orating  part  of 
the  development  is  located  in  a river  bay  near  the  rivor  bank*  This 
typo  of  plant  is  called  a ^Buchton  Kraftwork*  (bay  power  plant).  It  is 
to  bo  noted  that  the  •power  plant  in  tho  stream*  type  of  hydroelectric 
power  generation  is  used  on  all  of  the  DRAU  River  puwor  plants  mentioned 
above  as  wall  as  on  many  other  developments  in  AUSTRIA  and  GERMANY • 

(5)  SGHRABBCK  PLANT  is  located  in  a flat  curve , of  the 
DRAU  River  at  Km  153,  Just  above  tho  mouth  of  the  JER3IC  STREAM.  (See 
fig3*  4 & 8,  pp  64  & 72  of  Refer  one  a 18  and  Fig.  I on  Plate  ,9a  of  this 
report)*  The  center  of  tho  weir  coincides  with  the  river  centerline. 

The  par/ or  plant  is  located  on  the  outside  of  the  river  curve,  wholly 
within  a bay:  consequently,  is  outside  of  the  highrrater  flow 'and  is 
separated  from  it  by  a dividing  pillar. 

(6)  Tho  3 vortical  power  units  go  lerate  10,000  volts 
polyphso  current  which  is  c endue  tod  by  cable  to  an  outside  transformer 
whore  it  is  changed  to  110.000  volts*  The  transformer  is  located  on 
high  ground  on  the  left  side  of  tho  river.  The  observation  or  control 
house  is  located  on  the  loft  bank  in  a straight  lino  continuation  of  the 
upstream  side  of  the  dan-axis  and  is  connected  with  it  through  a sub- 
terranean gallery  running  beneath  the  entire  structure.  The  workshop 
of  the  plant  is  situated  on  the  JERHITZ  STREAM. 

(7)  Tho  upper  pool  elevation  is  limited  to  371.0  m.uJi., 
in  view  of  the  conditions  at  tho  upstream  and  of  tho  pool.  Any  higher 
stage  would  flow'd  .the  plains  at  VOBLKHEMARKT.  At  the  upstrean  end  of  the 
pool  20  km  above  the  dan,  there  is  an  8 ra  high  fall  in  water  surface,  the 
top  of  which  is  at  380.00  re.u— •*  The  bonks  of  tho  DRAU  River,  upstroan 
from  the  dan,  are  steep  and  high  and  no  specific  protection  structures 
arc  necessary.  Tho  backwater  effect  of  the  pool  extends  20  hn  to  TEUFE2S 
bridge  at  NW  and  approximately  15  km  at  HHW,  Tho  village  of  PIRK,  located 
at  tho  upper  end  of  the  pool  is  so  high  above  flood  stage  that  flooding 
conditions  are  not  expected*  It  is  assumed,  however,  according  to  expert 
icnoes  gained  at  FALA,  that  progressive  silting  of  tho  strean-bed  will 
cause  the  river  gradient  to  deoroasoj  consequently,  the  stagos  at  HHW 
vrt.ll  increase.  Thorefare,  tho  bridge  over  the  LIPPITZ  Stream  was 
elevated  2 m. 

b.  Hyiro logic  and  Geologic  Condition*. 

(1)  The  drainage  area  of  the  DRAU  River^  ^SCHWAB®  K is 
11,000  ter.  Tho  noarest  gaging  stations  aro  at  tho  UPFIr*  Stream  Bridge 
and  LAV/MUEND  Bridge.  Tho  flow  of  tho  DRAU  River  at  LIPPITZ  in  the  period 
from  1927-38. was  as  follows: 
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(1927-1938) 

62  * 

mt 

do 

77 

W!T 

do 

274 

wr 

1927-1933  (approx.) 

600 

mm 

to 

a\ 

3 

c^ 

<v 

s 

1 

‘ 1500 

HHW 

(1652) 

4500-5000 

(2)  The, 6 months  discharge  averages,  according  to 
official  reports,  234  ar/sec.  The  flow  exceeds  the  design  power  flow 
of  300  nv/sec  for  125  days  a year.  A discharge  of  1,500  m^/soc  was 
adopted  as  the  basis  for  determining  the  crost  of  oofford&ms  during 
construction.  That  flovr  had  boon  exooodod  36  dnvs  during  the  period 
1S96-193S. 

(3)  According  to  measurement  made  at  FALA  Dan,  the  moon 
yearly  bed  sediment  amounts  t»  150,000  m3,  • Ice  conditions  were  noted  to 
be  particularly  sovorc  in  the  years  1928-29,  also  during  1932  and  1939* 

(4)  Careful  studic.3  and  extensive  model  investigations  in 
the  technical  universities  at  KARLSRUHE  and  PIBTNA  Trero  made  to  dotonnine 
the  effect  of  erosion  an  the  bed  belcnr  the  dam.  The  unusually  high  dis- 
charge of  70  m 3/sen  per  m of  weir  width  was  taken  into  account,  in  tho 
design  of  pertinent  parts  of  the  structuro. 

(5)  Because  of  tho  high  and  steep  bank3  on  the  left  side; 
the  weir  structure  was  anchored  directly  to  the  r >ck.  On  the  right  side, 
however,  it  was  necessary  to  develop  a structural  wing  secured  against 
the  undercurrents.  On  that  side  the  anchorage  of  tho  weir  structuro  to 
the  rocky  bank  is  located  approximately  250  m upstroan.  The  conglomerate 
round  in  the  immediate  surrounding  development  is  so  densely  compacted 
that  it  could  sustain  a load  up  to  1 kg/cm2#  ■ At  greater  depths,  an 
artificial  consolidation  to  tho  solid  rock  was  necessary. 

c«  Features  of  Fixed  Weir. 

(1)  Tho  total  lengths  between  the  dividing  pillar  and 
the  rlrirt  side  face  is  90.00m.  Tho  weir  eonaists  off  '4  openings  each 
18.75  m wide j 3 mid-stream  pillars  5 m eaoh  wide  (see  Fig.  1 on  Plate 
9a  of  the  report  or  Pigs,  8,  9,  10,  pp  73  & 77  of  Rcforence  18)«  - 
The  fixed  weir  sill  has  a crest  elevation  of  357*00  m.u.A.,'9  m above 
the  original  river  bod.  On  top  of  the  fixed  weir  is  a 14  m high  movable 
gate  structure.  This  arrangement  proved  to  be  most  efficient  and  most 
economic  in. view  of  tho  22  m high  design  hydraulic  head  (the  moan  head 
is  30,5  m). 

(2)  Complete  emptying  of  tho  pool  is  acconplishod  by  a 
scouring  sluice  located  in  the  paver  plant-  part  of  the  weir.  That  sluice 
is  large  enough  to  pass  the  n-ermal  DRAU  River  flow  without  overtopping  tho 
weir  sill.  The  lip  elevation  of  the  securing  sluice  is  354*00  ituu.A# 
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(3)  The  crest  of  the  fixed  weir  is  shaped  so  as  to  permit 
the  maximum  discharge  and  at  the  same  time  to  allow  the  gate  to  slide  on 
the  back  of  the  oills  The  radius  on  the  downstream  side  of  the  weir-  is 
10  mj  the  lower  slope  is  1 to  1* 

(4)  The  iai  buster  level  never  exceeds  the  crest  of  the 
rroir.  Consequently,  the  hydraulic  conditions  represent  a f^eo  overflow. 

In  the  formula  Q « 2/3  o the  value  of  2/3  e(2g)v*^  is  equal 

t<>  2,20  (o  • 0,74)  in  rwtrlo  units.  At  full  opening  of  the  weir,  the 
nappe  thickness  is  7,75  m,  Whor.  only  3 spans  are  open,  the  upper  water 
level  is  363,75  m*u  *A*,  and  the  eieva&un  of  the  nappe  at  the  crest  is 
366.25  ra*u*A,,  representing  a nappe  thickness  of  9*25  «•  This  ia  0,75  m 
under,  the  lowest  edge  of  the  goto  when  it  is  in  raised  position,  A 
gallery  through  the  fixed  weir  permits  inspection  of  the  structure, 
particularly  of  the  expansion  .joints.  Also  additional  injections  oan 

bo  mode,  if  necessary, 

(5)  The  fixod  weir  is  round oa  an  the  t-ailmtor  bliio  in  *5 
an  apron  located  at  ■elevation  344,0  m,u.A.s  approximately  4 m Lelcw  the 
original  river  bed.  The  apron  rails  with  an  indented  granite  sill  which 
proved  to  be  successful  in  preventing  scouring  effects, 

(6)  Percolation  ben  oath  the  weir  foundations  was  prevented 
by  injoctions  cf  grout  to  create  an  impervious  civ  tain.  Throe  anchors 
tie  the  entire  structure  to  the  foundation  roeke 

(7)  The  weir  pillars  ere  5 m thick,  half-circular  on  the 
upatrean  side.  In  >rdor  to  achieve  better  flow  pattern,  tho  pillars 
narrow  dov«  stream  to  c j in  thickness.  Thoy  are  horizontally  and  vertically 
reinforced  by  steel  bars.  The  bridge  across  the  weir  is  of  reinforced 
concrete  with  roils  for  transportation  of  heavy  nachinaxy* 

d,  Yoatures  of  Weir  Gates, 

f : d . , 

(1)  Tho  weir  openings  can  be  closed  by  double  sluice  gates 
(Boppol  Schuotzen),  These  gates  are  conposod  of  2 vertical  sliding  loaves. 
The  upper  loaf  is  equipped  with  a hook-shaped  upper  crest  (at  closed  con- 
ditions, its  elevation  is  371.30  m*u*A*}« . Than  lowered  along  the  upstream 
side  of  the  lower  leaf,  the  top  lies  at  elevation  365*80  m*u*A*  Under 
this  condition,  tho  weir  can  pass  1,900  iik/bww  discharge  when  the  pool 
stage  ia  371*0  m*u*A*  Tho  flew  at  MHflf  is  1,500  nr/sec,  which  can  bo 
passed  by  lowering  of  tho  upper  leaf*  Only  in  very  exceptional  cases, 
when  tho  flow  equals  or  oxcceds  2,200  rtr/aoo  (1900  m^/sec  plus  300  SiP/aec 
turbine  capacity),  duos  the  lower  loaf  of  the  gate  lave  to  be  raised,  A 
flew  of  2,200  ro3/soc  corresponds  to  ten  years  Sfifflf*  At  full  opening,  the 
lowest  odgo  of  the  gates  is  located  at  elevation  367*00  m*u*A»  The 
catastrophic  flow  of  5,000  m^/soc  passos  over  tho  woir  approximately  1*5 
to  2 m under  tho  lowest  edge  of  the  movable  gate  structure  in  raised 
position* 
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(2)  The  lower  leaf  of  the  gate  is  constructed  of  4 steal 
bands,  supported  by  horisontal  min  girders  on  the  downs  trean  side*  Tho 
water  pressure  is  carried  to  the  pillars  by  moans  of  4 carriages  moving 
on  8 rollers* 


(3)  The  hook-shaped  upper  leaf  of  the  gate  has  only  1 
horizontal  girder  on  the  downstream  side*  -The  water  pressure  is  carried 
to  the  vertical  ribs,  supported  partly  on  the  main  gird  or  aid  partly  by 
means  of  rollers  on  the  lower  leaf  of  the  weir*  The  upper  leaf  is  also 
equipped  with  rolling  carriages*  The  top  a?  the  upper  loaf  is  27*30  m 
higher  than  the  apron  of  the  downstream  stifling  basin* 

(4)  The  carriages  supporting  the  lower  and  upper  leaves 
move  on  a comnon  trade,  peanitting  a staple  construction  of  the  pillar 
recess.  The  main  girders  have  19*80  m spans  and  are  equipped  with  awl  no- 
supporting  bearings  so  that  the  gate  structure  may  deform  in  any  direc- 
tion without  influencing  the  perpendicular  position  of  tho  rollers  at  the 
rail  trade*  The  expected  roller  pressure  is  210  tons.  The  oast  steel 
rail  has  a supporting  width  of  0,350  m* 

(5)  The  3tal  between  the  upper  and  lower  leaves  consists 
of  a rubber  lodge;  the  side  seal  consists  of  mi llod  steel  anchors*  A 
leather  belt  takes  caro  of  fine  sealing.  Tho  bottom  seal  is  an  oak  log 
fitting  against  a steel  plate  and  anchored  to  the  concrete  of  the  fixed 
weir.  Aeration  beneath  he  nappe  is  effected  by  air  shafts  in  the  pillars* 
These  shafts  are  aocos3il,lc  from  the  concrete  bridge* 

e*  Features  of  Gate  Operating  Bouianont. 

(1)  Tho  machinery  for  raising  t«e  gates  travels  across 
the  weir  openings  on  a plato-trus3  bridge*  Tho  elevation  of  this  bridge 
is  established  by  the  highest  position  of  the  double  sluice  gates;  hence, 
its  floor  has  an  elevation  of  378,50  m*u.A,  The  hoisting  machinery  is 
accessible  from  both  sidos, 

(2)  Tho  lifting  ftirces  involved  aro  134  tons  for  tho  upper 
leaf  and  202  tana  for  tho  lower  loaf,  including  a safety  factor.  Radi 

leaf  has  a .separate  hoisting  mechanism  and  all  8 loaves  may  be  independently 
lifted  at  tho  same  time* 

(3)  The  hoisting  machinery  is  located  on  both*  sidos  and 
oonsists  of  pinions  with  an  enclosed  woim-goar  drive  operating  in  an  oil 
bath.  In  the  middle  is  an  oloctric  motor  operating  both  hoists,  Tha 
necessary  accessories  (such  asi  rcducti:/n  gears,  sliding  clutches,  elootro- 
magietic  brakes,  etc*),  are  dasigiod  to  aohievo  easy  woir  operation^  An 
auxiliary  diesel  is  provided  to  supply  power  if  the  regular  powor  supply 
should  fail* 
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f , Emergency  Provisions  for  ffolr  Closure. 

(1)  To  pcmlt  emergency  closure  and  repairs  on  the  up- 
stream side  of  the  weir,  there  are  4 stop-logs  each  3*75  m high*  Tney 
arc  meved  into  position  by  means  of  a portal  crano*  Each  stop-log  has 
2 trusses  (1-37)  covered  with  stool  plates*  The  stop-logs  arc  stored 
on  the  left  bank* 

(2)  The  desmstroSTi  closure  of  the  weir  consists  cf  needles 
(1-20),  cuvcrod  with  ’.0*4  on  both  sides,  The  bottoms  of  the  needles  are 
supported  by  a sill  and  the  tops  by  a horizontal  girder  across  the  weir 
opening*  Its  span  is  21.25  m»  This  downstream  emergency  closure  facili- 
tates the  separation  j£  the  structure  from  the  taiisrater  to  a stage  of 
350.50  m.u.A.  The  supporting  girder  is  nwred  across  tho  concrete  bridge 
by  a crano  and  than  slid  down  the  inelined  end  n f the  pillars  into  itr 
position.  For  this  reason,  the  railing  nf  the  concrete  bridge  is  remove- 
able.  The  needles  are  placod  in  position  by  means  of  a hand-operated 
windlass  moving  on  the  supporting  girder, 

(3)  The  portal  crano  servos  for  moving  nf  stop-logs  and 
operates  on  the  upper  part  of  the  main  truss  of  the  hoisting  bridge.  The 
stop-logs  are  seized  by  a •plior  ‘ 'g*  and  placed  in  the  rocess  of  the 
pillar  and  slid  on  r>llors  into  poution.  The  level  mechanism  permits 
tho  locking  atd  unlocking  of  tho  stop-logs  either  abnre  or  below  the 
water.  The  crano  also  performs  >thor  functions  in  servicing  of  the  weir. 
All  3teel  port 3 of  the  weir  were  specially  constructed  by  *WAN*  (Maschinen- 
fabrik  Augsburg-?' urenberg  A.O.), 

g.  Featuros  on  Right  Abutment  of  the  *oir . 

’ (1)  ThO  right  abutment  of  tho  wdr  (see ‘fig.  8,  p 86, 
Reference  IS)  has  a 45°  inclined  wing  on  the  upstream  side.  It  extends 
10  m below  the  tailwatcr  apron.  The  top  of  the  abutment  is  1.30  m above 
the  crest  of  the  m vatic  weir  and  24,3m  above  thafoundatien,  The  down- 
stream part  of  the  side  wall  has  a top  elevation  of  350.5  m.u.A,^  I.50  m 
over  HHW, 

(2)  An  emergency  power  plant  and  steps  are  also  located 

at  the  right  end  of  the  weir.  The  stops  rise  from  olctdtiun  352.00  m,tt*A* 
at  the  bottom,  to  a platform  at  elevation  359*00  m.u.A.,  then  to  the  emer- 
gency power  plant  at  elevation  368.20  m.u.A.,  and  finally  to  the  pillar 
structure  and  servicing  bridge  at  elevation  378.50  m«u»A» 

(3)  The  cooling  water  supply  plant  is  located  on  the  right 
abutment.  The  filtered  water  is  pumped  in  a rcservuir  in  which  tho  stage 
is  automatically  held  constant  at  370,40  m*u.A,  A fish  pass  is  else 
located  ?n  the  right  side  of  tho  woir, 
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(1)  Tho  dividing  pillar  has  a length  of '84*64  m and  a top 
elevation  of  338*00  m.u*A.  It  extends  25  ni  belorr  tho  dov7n3tream  outlet 
of  tho  draft  t\A>’e. 


(2)  Tho  general  arrangenont  of  the  p^wer  plant  is  outlined 
<xi  figs.  1,  8 and  11,  pp  62,  73,  87,  Roferunce  18.  Tho  pir/er  plant  is  de- 
signed for  300  ijk/soc  flrr  and  has  three  generating  vmits.  At  MNW,  the 
flow  is  80  hk/ssoo.  Tho  total  length  <£  the  power  plant  normal  to  the  river 
is  56*00  raj  the  distance  between  tho  mits  is  13.00  m.  Tho  power  plant, 
including  the  dividing  pillar,  is  structurally  developed  as  a frame  unit, 
parted  by  a joint  located  along  the  woir  side  of  the  dividing  pillar* 

The  t^ial  length  of  tho  power  plant  parallel  i i the  river  flow  is>  50*9  m 
from  the  front  wall  r> f the  inlet  to  tho  end  of  the  draft  tube*  A oontirv- 
uous  construction  joint  lies  7.00  m upstream  from  the  turbine  axis.  The 
hydraulic  and  electric  generating  parts  of  the  plant  are  separated  by  a 
reinforced  concrete  slab  with  the  upper  floor  at  elevation  357.00  ra*n*A. 

The  performance  of  the  plant  order  varying  stage  is  given  in  fig.  12,  p 19, 
of  Reference  18. 


(3)  The  turbines  are  Voith-Kaplan  type  with  vertical  shafts, 
rotor  diameter  4.080  ra,  167  ipm,  specific  speed  600.  The  6 turbine  blades 
are  adjustable.  The  generators  produce  10,000  volts.  At  300  iiv/sec,  the 
maximum  performance  is  51,000  KW  and  at  375  m^/sec  (with  a head  of  20.59  m, 
slightly  more  than  the  normal  head),  the  performance  is  61,300  KST.  At  IKW, 
the  power  capacity  is  20,000  JCff, 

(4)  Each  turbine  includes  an  inlet,  spiral  concrete  con- 
duit and  draft  tube.  The  Inlet  is  divided  into  2 parts  for  better  distri- 
bution of  the  flow.  The  inlet  lip  elevation  is  360,0  m.u .A.,  3.00  m above 
the  orest  of  the  fixed  weir.  Flow  passes  through  a trash  rack  (whose 
upper  edge  is  2.00  re  under  the  normal  stage  of  371*00  m.UtA.)  and  enters 
into  the  inlet  tube,  and  then  into  the  spiral  conduit.  This  concrete  spiral- 
conduit  has  a rectangular  cross-section  with  rounded  corners  and  is  dimen- 
sioned so  ihat  the  overall  velocity  ?rith  a flow  of  100  m^/seo  is  0,85  m/sec 
at  the  fine  trash  rack  and  3-4  m/sec 'inside  the  conduit.  After  passing 
through  this  4.50  m high  spiral-conduit,  the  flew  enters  a guiding  oase, 
tupn?  90°. in  the  axial  direction  through  tho  runner  and  then  into  the 
draft  tubs.  At  the,  draft  tube  entrance*  the  normal  velocity  is  7.60  m/sec, 
and  at  maximwn  opening,  the  velocity  beoomes  9.50  as/ see.  The  circular 
oross-section  of  the  draft  tube  changes  into  an  oval  and  ultimately  into 

a rectangular  cross' section  with  rounded  corners.  In  places  where  the 
velocity  exceeds  6 m/sec,  the  draft  tube  is  reinforced  by  steel  armor. 

The  rising  angle  of  the  draft  tube  is  developed  in  such  a way  that  it  per- 
mits a quiet  outflow  at  2 m/sec  velocity. 

(5)  Generator  supporting  rings  are  placed  over  the  spiral 
conduit.  These  support  the  machine  load  and  the  torsion,  particularly 
torsion  resulting  from  short  circuits.  These  supports  are  of  quadratic 
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foim  on  the  outside  leaving  a free  recss3  between  the  machinery*  In  these 
recesses  are  placed  the  governors,  the  oil  pumping  units,  the  air  chambers, 
and  a compressor  installation  serving  all  3 machine  units, 

(£)  A continuous  scouring  channel  is  located  beneath  the 
inlet  sill.  This  serves  for  collection  of  deposits  accumulated  in  front 
of  the  turbine  inlet.  The  entrance  into  the  scouring  channel  has  a maxi- 
mum hydraulic  efficiency  of  120  mVsec,  The  entrance  is  near  the  dividing 
pillar,  and  takes  off  towards  the  left  bank  along  a parabolic  curve.  The 
entrance  to  the  scouring  channel  is  steel-amored  and  all  surfaces  are 
treated  with  -torcretfl  ~(a  special  surfacing  material), 

(7)  A 3 m wide  frame- shaped  superstructure  over  the  main  * 
pillars  supports  the  power  plant  bridge.  The  bridge  is  a continuous  trass 
of  4 span*.  The  pillars  of  the  inlet  structures  are  connected  by  a con- 
crete bridge  permitting  the  transportation  of  stop-logs  for  the  turbines, 

(8)  The  inlet  into  the  turbines  and  draft  tubes  can  bo 
separated  entirely  from  the  upper  pool  and  taiiwator  for  purposes  of 
repairs.  The  inlet  can  be  pumped  dry  after  stop-logs  are  placed  at  the 
turbine  inlets.  If  a turbine  falls,  the  water  inflow  i3  automatically 
reduced  to  30  nP/sec.  At  this  rata  of  flow,  the  stop-logs  oan  be  inserted* 
This  operation  takes  approximately  5 hours.  During  this  operation,  the  tain- 
bines  run  at  220  rpn,  In  order  to  achieve  the  sinking  of  the  stop-logs  at 
least  4,50  tons  of  weight  are  required  to  sink  than  into  position.  The 
stop- logs  are  handled  by  a windlass  on  a carriage  and  are  placed  into 
position  by  the  crane. 

(9)  The  scouring  chanel  is  1,5  m higi  and  has  a floor 
elevation  cf  354*00  m*u,A,  Because  sf  the  high  pressure  head  of  17 «00  m, 
the  inlets  to  the  scouring  ctennel  are  axsnorod  and  provided  with  additional 
air  vents.  The  lifting  mechanian  consists  of  a windlass  and  a rack  placed 
in  a recess.  The  air  vents  are  0*20  re  diameter  pipes.  To  achieve  a com- 
plete closure  of  the  powerhouse,  a sot  of  4 sto]>-logs  on  rollers,  each 
4»30  m long  can  be  placed  in  front  of  the  scouring  gate.  Those  storings 
consist  of  a plate  truss  covered  by  a steel  akin  and  aro  equipped  with 
rollers  and  moved  by  the  crane, 

(10)  The  fino  trash  rack  in  front  of  the  turbine  entrance 
consists  of  flat  iron  bars.  The  clear  distance  between  bars  is  0,03  m* 

The  rack  can  be  elevated  by  moans  of  a mechanise  attached  to  a crane  for 
purpose  of  cleaning,  particularly  during  ice  founaticn, 

(11)  The  tailwater  side  cf  the  turbines  can  bo  cosqpletoly 
closed  by  an  emergency  gato  located  4*00  m from  the  end  cf  the  draft  t>«be» 
This  emergency  gate  consists  of  2 sliding  steel  leaves  of  4*60  m Clear 
width  and  3*25  m height.  It  ha 3 2 valves  permitting  the  balancing  of 
pressure  after  the  draft  tube  is  pimped  dry,  to  order. to  facilitate  open- 
ing. The  spiral  conduits  and  the  draft  tubes  are  emptied  by  pimping  units 
with  a capacity  of  0*4  nP/aec  at  16  m head*  The  ^SAN*  movable  bridge  crane 
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has  a 13«50'm  span,  and  handies  the  equipment  necessary  for  servicing  of 
Individual  parts  of  the  power  plant*  The  crane  has  a hoisting  capacity 
of  140  tons  and  i3  placed  on  4 carriages  with  16  wheels. 

7.  LAVAMBETD  POSTER  PLANT  (Basis*  References  19,  20  & 21) 

a.  General « 

(1)  LAVAMUEND  (Serial  No.  2)  is  one  of  the  large  power 
plants  of  Austria  built  by  the  Gormans  in  the  period  1941-44 ,38  a war 
project,  simultaneously  with  90WTABB0K,  BRAVOGRAD  ard  MARTBCR.  As  a 
result  of  the  war.  the  boundary  of  Austria  was  ro-drawn  near  XAVAMUEND • 

Its  production  of  power  was  affected- by  the  fact  that  its  twin  plant 
located  just  downs trean  at  BRAVOGRAD,  was  ceded  to  YUGOSLAVIA, 

(2)  The  project  was  built  as  a ’•pillar  power  plant* 
(pfedierkraftwerk)  in  which  the  p owor  units  are  located  in  pillars  in 

tiie  midstream  of  the  river.  The  LAVAMUEJJD  and  BRAVOGRAD  (DRAUBURG)  plants 
are  of  the  sane  type  and  dimensions. 

' (3)  The  major  characteristics  of  the  LAVAMU0ID  plant  are* 
(h)  location*  Kin  147,  (b)  hydraulic  hoadt  9.0  m (8.5  nr  for  poorer  calcula- 
tion, (e)  irnxLmum  capacity  of  the  turbines*  384  rP/sec  .(30?  nr/sec  normal 
operation),  (d)  flow  capacity  of  the  weir  at  HHPf*  5,000  m^/sec.  (e)  four 
weir  openings*  each  24.00  m clear  width,  11.00  m hel^it,  (f ) three  middle 
pillars*  each  16.00  m wide.  . 

(4)  Reference  is  made  to  Plate  9a  of  this  report  and  to 
Figs.  1 to  4 and  6 to  ll,  pp  100,  101,  203,  204  of  Reference  19  and 
Figs..  3 & 4,  p 177  of  Reference  20. 

b.  Features  of  Power  Units. 

* * \ • 

(1)  Tho  midstream  pillars  have  recesses,  supporting  the 
weir  gates  located  Upstream  from  the  turbino  axis,  within  the  straight 
part  of  the  turbine  conduit.  This  results  in  bettor  scouring  and  better 
flew;  pattern  and  permits  shorter  stilling  apron  length. 

(2)  Protection  against  drift,  ice,  and  silt  is  provided  by 
a submerged  overhanging  wall  shaped  like  a ship’s  bow  and  by  a sill  in  the 
stream  bod.  At  high  water  stages  whm  the  upper  leaf  of  the  double  sluice 
gate  is  open,  the  submerged  wall  directs  the  surface  flow  and  all  floating 
objects  towards  tho  woir,  Similarly,  whfn  both  leaves  of  the  woir  gates 
are, opened,  a swift  current  “toward  the  weir  sill  causes  mover*  ent  of  sedi- 
ment accumulated  in  front  of  the  turbine  entrances  and  thus  clears  tho 
river  bod. 

(3)  Tho  spiral  form  of  the  turbine  conduit  requires  an 
offset  position  of  the  turbine  axis  (sec  figs.  2 & 4*  p 203,'  Reference- 19). 
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For  this  reason,  and  also  because  of  the  limit ad  width  of  the  pillar  and 
in  order  to  develop  bettor  stroam  flew  pattern,  the  shape  of  the  rectangu- 
lar spiral  conduit  was  rondo  narrow  and  high*  The  ease  consideration  ires 
applied  to  construction  of  the  draft  tube. 

(4)  The  emergency  closure  of  the  turbines  is  effected  by 
stop-logs.  They  have  the  same  angle  of  inclination  as  the  trash  rack. 
Placing  and  removing  is  performed  by  a movable  crane*  The  trash  rack  has 
0*10  m clear  width  of  openings*  *It  can  bo  removed  in  wintertime  and  can 
bo  placed  in  position  during  turbino  operation*  On  the  downstream  side, 
the  other  emergency  closure  is  located  at  the  curve  in  th3  draft  tube 
where  the  croa 3-section  size  increases*  This  needle  dam  closure  separates 
the  draft  tube  from  the  taibrater.  These  closures  permit  the  entire  power 
unit3  to  be  pumped  dxy  for  inspection  or  repairs. 

(5)  The  power  wits  consist  .if  Kaplan  turbines  with  verti- 
cal shafts.  The  generators  and  turbines  are  coupled  on  a cannon  shaft 
supported  by  two  neck  bearings.  The  footstep  bearing  is  located  on  the 
turbine  cover,  supported  by  the  guide  blade  ring.  The  throe  Kaplan 
turbines  have  each  128  id^/soc  flow  capacity  at  9 n hydraulic  hoad  and  at 
100  rpm,  7j800  KW  power  capacity.  The  overall  power  capacity  is  24,000  Kff 
or  138,000,000  BBH  per  year* 


(1)  The  total  length  of  the  LAVAMUEND  dam  is  144.0  m 
between  abutments.  The  dam  has  4 weir  openings,  each  of  24.00  m clear 
width,  and  3 nldstroam  pillars,  oach  16,00  m wide  (see  Plate  9a  of  this 
report  or  Fig.  11,  p 208  and  p 177  of  Reference  20).  The  damning  of  the 
stream  is  done  by  a movable  double  3luice  gate  similar  to  the  gates  used 
at  9CHWABECK  and  other  power  plants  on  the  BRAD  River.  The  gates  can  be 
moved  independently  ty  hoisting  machinery  and  raised  up  between  the 
main  beams  of  the  upstream  weir  bridge.  The  specialized  construction  of 
the  hoists  and  weirs  permits  an  unusually  low  position  for  the  hoist 
(only  1*40  m over  the  gate  tops  5* 

(2)  Bnorgancy  closure  of  weir  opaiings  is  effected  by 
stoppings  placed  in  position  by  a crane.  TOion  not  in  use,  the  stop-logs 
are  stored  on  the  right  embankment.  The  weir  may  be  soparatod  from  the 
tailwatcr  by  an  emergency  needle-dam.  The  needles  are  wido-flange  I-be^as. 
wooden  fitted,  supported  in  position  by  the  weir  sill  and  by  a movable 
horizontal  truss  similar  to  that  at  SCHWA3ECK* 


Following  is  the  basic  hydraulic  desigi  data  usod  for 
calculation  of  LAVAMUKJD  weir  flowj 
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(1)  Cross  section  area  of  v/oir  gates* 

FV  - 4x24,0x11.0  * 1056  ra2 

(2)  Rako  area  (measured  vertically t 

vv  * 3x11,0x10,0  - 330.0  m2 

(3)  Utilized  flew  area*  Sr+Fr  - 1386,0  m2 

(4;  Total  cross  section  .area  oT~  approach  chan  noli 
Fbw,  - 144*0x11,0  - 1584.0  re~ 

(5)  Ratio,  _ 

to*  - 52--  « 1.14 

Fw+Fr  ..  , 

(6)  HH$f  velocity  through  weir  gates*  * 4*7m£sc 

(7)  Velocity  through  rakost  ^ “ °«90  m/sec 

Fr  330 

8.  DRAVOGRAD  (DRAU3URG)  POTER  PUNT  (Basis*  Reference  21) 


a.  General r DRAVOGRAD  Power  Plant  (Serial  No,  3)  is  located  at 

fin  136*  At  present,  it  stands  on  Yugoslav  territory,  4.4  icn  downstream 

from  the  Austrian  harder.  It  ’.ms  built  and  developed  in  the  period 

194U1944  when  that  area  was  occupied  by  the  German  Amy  and  poWor  produc- 
tion was  needed  for  war  purposes.  It  is  one  link  in  the  chain  of  power 

plants  dovelopod  by  the  Germans  on  the  DR/.U  River,  simultaneously  with  the 
power  plants  at  SCKnABECK,  LAVAMUiND  *nd  MAPIB0R* 

b.  Features  of  Structure.  The  DRAVOGRAD  plant  is  a twin  to  the 

IAVAMU0JD  plant,  as  local  conditions  made  it  possible  to  make  both  plants 

identical  in  type,  size,  and  basic  measurements.  Both  were  onstructoa 
simultaneously  and  all  parts  such  as  weir  gates,  turbines  and  other 
machinery  and  equipment  were  ordered  in  double  quantity.  Concerning  the 
main  characteristics,  we  ooulu  consequently  repoat  the  data  given  for 
LAVAMUEND  in  the  preceding  paragraph  7 of  this  exhibit,  with  the  exception 
of  the  elevations,  (See  Figs.  1,  4,  10  and  11,  pp  202-208  of  Reference  21), 

c.  Features  of  Power  Units.  DRAVOGRAD  is  a *pillar  pwrer  plant* 
in  which  the  three  midstream  pillars  of  the  weir  contain  the  power  gsn cr- 
ating units  with  turbine  and  generator  couplod  on  a connon  vertical  shaft. 
The  total  clear  length  of  the  power  development  across  the  river  is  144  m, 
dividod  4x24.00  m for  the  weir  openings  and  3xl6,QC  for  the  pillars, 

d„  Hyiraulic  Features.  The  upper  pool  stage  elevation  .is 
341,50  m.n,A,,  same  as  the  tailwater  stage  of  -LAVAMUEND.  The  tailwator  of 
DRAVOGRAD  is  332,50  m,u.A,  The  total  lyd raulic  head  is  9.00  m,  but  the 
mean  head  far  calculation  of  p»jwer  was  taken  as  8*50  m.  The  flew  capacity 
of  tho  turbines  is  390  m^/socj  how over,  the  normal  operation  of  the  power 
plant  is  based  on  300  m3 /sec • 
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9*  FALA  (FA Al)  PCSTER  PLANT  (Basis  t References  22  and  23) 

a*  Ssnscal*’. 

(1)  FALA  Power  Plant  (Serial  No*  5)  ws?  built  between 
1912-1919  and  is  the  first  large* power  plant  to  be  built  on  the  DRAU 
River  between  VOELKSiwAHET  and  MASI5QE*  The  discharges  of  the  DR/JJ 
River  at  tho  FALA  plant  location  as  estimated  in  1912  by  the  Austrian 
Hydrographic  Central  Bureau  in  Vienna  were  as  follows! 

over  300  m?/see  during  305  days  a year 

t 200  • * 315  * * * 

t 150  * • 335  «t  • • 

• 100  * * 345  • ■ * 

_ (2)  In  the  lowest  Lwr  water  period,  the  discharge  dropped 

under  82  itk/soc  for  only  2 d^rs  par  year*  The  HWF  of  the  DRAU  River  is 
4000  m3/sec  according  to  information  of  tho  Hydrographic  Central  Bureau  in 
Vienna#  (The  1949  HH5T  of  5000  vy/oeo  was  taken  into  account  far  construc- 
tion of  9CHWABECK,  LAVAMUEND  and  DRAVOGR/D  dams)*  The  mean  yearly  dis- 
charge is  235  xr?/ sec#  The  not  hydraulic  head  at  FALA  varies  between  14*8 
and  11*3  ir.  at  normal  HR|  at  NNW,  the  hydraulic  head  is  only  9.00  m», 

(3)  Between  DRAVOGRAD  and  MARIBOR,  the  DRAU  River  breaks 
through  a mountain  range,  composed  of  Archeon  rode  and  gneiss- typo  mica 
schist  with  amphibolic  rock* 


i 
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(4)  The  FALA  plant  was  developed  as  s •bay  power  plant* 

(seo  paragraph  6a(4)  >f  this  exhibit),  one  of  the  first  of  this  type 
built  in  Central  Lurope,  This  type  was  copied  in  many  later  structures, 
especially  in  AUSTRIA  (see  Figs*  6,  7,  8,  9,  PP  533  and  534  of  Reference 
22  or  Plato  9b  of  this  report)*  Tho  development  consists  of  a weir  plus 

a power  plaA  located  in  a bay  and  acoitrnwdating  the  generating  units* 

' ...  * ♦ 

b*  Easteesa 

(1)  The  weir  has  a total  clear  length’  df  93*00  in,  with 

5 openings  each  of  15,00  ip  clear  width  and  4 midstream  pillars  each  4*50  m 
wide#  The  fixed  portion  of  tho.  weir  has  a crost  elevation  of  265*80  m«,u*A* 
This  is  approximately  3*30  m above  tho  rocky  bottom  of  tho  upper  pool  bed* 

(2)  Tho  remaining  part  of  the  woir  opening  expending  up  to 
elevation  280*80  ra*u*A*,  is  closod  by  double  sluice  gates  composed  of  2 
leaves*  The  upper  loaf  provides  for  damning  between  elevation  280*80 

and  276*80  m*u*A*  ^ho  height  of  the  upjtar  leaf  is  4*81  ra#  The  lefrer  leaf 
provides  for  a hydraulic  head  r£  11*00  m botweon  elevation  265*80  in  *u*A#, 
and  276*60  ra*u.A*  Both  loaves  have  horizontal  trusses  Covered*  with  steel 
plates,  transferring  tho  hydraulic  load  tu  the  mein'  woir  pillars#  The 
upper  leaf  pan  -slide  behind  the  lowor  leaf  tu  permit  passage  of  exeess 
flow*  At  HHF  both  loaves  can  be  raised  by  means  of  hoists  placed  on  a 
bridge,  elevation  303*00  ra*u*A,  This  Is  20  m.  abovo  the  top  of  the  pillars 
and  is  high  enough  to  bo  abovo  flood  stage* 
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(3)  Both  the  upper  sand  downstream  sides  of  the  weir  have 
provisions  fvr  emergency  olosurc  b/  means  of  stop-log?.  The  servicing  of 
tho  woir  is  by  means  of  a crane  moving  across  the  bridge* 


(1)  Thci  power  plant' of  the  development  is  in  a bay  at  the 
loft  abuwTKjni  of  the  weir.  Its  total  length  is  69*50  m*  Tho  plant  am— 
tains  7 twin  turbines  of  the  Francis  typo  with  horizontal  shafts.  The 
turbines  are  placodin  an  open  pit  and  tho  horizontal  shafts  pass  from  the 
pit  into  the  gond$ator  room  through  stuffing  boxos  tseo  Figs.  1,  2 and  3, 
pp  138,  139  and  4°  4 Reference  23$.  ■ ; 

(2;  The  turbine  inlets  are  equipped' with  3oouring  sluices, 
trash  racks  and  emergency  closuros.  Another  emergency  closure  is  provided 
ih‘  tho  draft  tube  on  the  tailwatcr  side.  The  twin  turbines  have  the  follow- 
ing performance  characteristics!  * 

i ■ • * v 

head  (m)  U.8  13.3  11.3 

discharge  (nn/sbc)  38,5  43*3  40,0  * 

rpm  150  150  150  ' 

pov/or  (HP)  6000  6000  4500  ( with  possible 

increase  to  6600  HP) 

10.  MAR3BGR  (WARBURG)  POTER  *LANT  (Basis*  References  24,  25,  26) 

„ a,  General.  The  MARIS  OR  (MARBURG)  Power  Plant  (Serial  No,  6), 

also  known  as  »*ART30RSKI  OTOX,*  was  started  in  1942  by  the  Germans,  to- 
gether with  tho  other  DRAU  River  plants  at  SOTABSCX,  LAViWUBIB  and  DRAVD- 
GRAD.  Tho  plant  was  completed  in  1950  by  the  government  of  Yugoslavia  in 
accordance  with  tho  original  German  plans. 


b,  Hydraulic  Features.  The  pc*?or  plant  is  on  the  DRAU  River 
64.3  km  downstream  from  the  present  AU S TRIAN-YU QOS  LAV  border,  in  the 
immediate  vicinity  of  FHLBER  ISLAND.  The  upper  pool  stago  was  fixed  at 


elevation  267.20  ra.u*A.4,  so  as  not  to  submerge  the  FALA  DAM,  located  a 
short  distance  upstrean.  Tho  mean  utilized  hydraulic  head  is  14.40  m. 
Tho  mean  tailwater  elevation  at  rTAKEBOR  is  2.52,80  m.u.A.  (See  p 268  of 


Severance  .24  or  Plate  9b  of  this  report). 


•flirt  nm  Inot  To  AnnofiniAFiiH  ft •»  ft  SnTTlftt* 
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power  plant*  similar  to  IAVAMJEjND  and  DRAVOGSAD.  The  width  of  each  of 
the  4 weir  openings  is  18*75  m,  the  sane  as  at  SCHiilABBDK.  Tho  weir  height 
is  14,30  m,  identical  to  that  dam,  as  tho  Germans  planned  to  use  the  same 
type  and  size  of*  gate  structure  at  both,  installations#  The  fixed  weir 
sill  6f  3*46  m height  was  built  to  conf<urm  with  tho  required  dimensions 
of  tho  weir  openings.  The  double  sluice  gates  are  elevated  by  means  of  a 
mechanical  drive  looatod  on  top  of  tho  pillars  and  are  similar  .to  those 
on  tho  other  DRAU  power  plants  developed- by  the  Germans.  Flood  water 
may  pass  freely  under  the-  elevated, gates.  On  tho  upstream  side  of  the 
weir  are  2 ccnereto-boan  bridges  aoccxniiodating  the  servicing  crane,  Chi 
the  downstream  side  is  an  arched  bridge  for  street  traffic* 


^ RESTRICTED 

SECURITY  INFORMATION 


io a 


: REnTRICTED 

SEGlPtTY  iN  ORMATION 


d«  Features  of  anereenoy  Clomlroa , The  anargsn.  qy  djosurcs  are 
similar  to  those  at  LAVAMUEUD  and  DRAVOGRAD,  and  permit  a oosplete  *T" 
separation  of  the  vreir  and  generating  units  from  the  uppor  and  lnror  pools* 

r 

e.  Features  of  Powai*  Plant*  The  power  units,  located  in  the 
midstream  pillars,  have  a power  capacity  of  50,000  Kit  at  125  new  The 
three  Kaplan  turtdnss  with  vortical  shafts  and  coupled  generals  are  * . 
basically  thq_  same  as  those  at  the  other  DRAB  River  power  plants  mentioned 
above.  The  maximum  flow  capacity  of  the  tiroe  turbines  is  410  tn^/aed,  'r\ 
The  pillars  ore  equipped  similar  to  those  at  L'.VAMUENB  with  an  overhanging 
submerged  .7all  of  ship-bow  shape,  serving  as  protection  against  the  drift- 
ing ice  and  Ouhu  r objects  at  high  water  flow* 

11.  MAJOR  DEVELOMJTS  ABOVE  SCHWABBCK  (Basis*  References  14.  27, 

30,  31) 

a.  GURK  River  Region. 

(1)  RAINWBRK.  Power  Plant  (Serial  Ko.  16)  built  1908-1925, 
3500  m capacity. 


(2)  ?gjSKSgyS?S  Pcwfflr  (gffWL  li?t,  v?)  in  operation 

since  1937,  2000  OT  capacdiy  * Located  on  the  outflow  from  FORST  LAKE, 
utilizing  its  head  abovo  WDERffiKR  LAKE,  TOER1HER  LAKE  *5  area  is  19.6  km2} 
its  outflow,  GLANFURT,  joins  thfe  GLAN  River  Tfcich  then  floss  into  the 
GURK  River. 


(!)  QAXL  Power  Plant  at  Mffl  (Serial  No.  15)  ! 
•Eloktrizitaetsrrork  in  der  Schuott,*  located  between  Hrn  15,3-17.5  abovo*  the 
mouth  of  the  GAIL  River,  Drainage  area,  1252  ko2*  l^ic  river  flow  is  im- 
pounded behind  the  wo  IT  and.  tr&nsfarrod  to  the  turbines  oy  an  open  canal 
1,75  km  long.  The  weir  has  4 openings,  each  12,0  m rd.de  and  3 nddstre^n 
pillars,  each  2,0  m wide,  totaling  54,0  m,  * Tho  openings  hhvo  doublo  sluice 
gates.  The  inlet  channel  has  44-46  m3/seo  capacity  and  tho  total  utilized 
head  is  16,6  m.  Four  twin  turbines  rdth  horizontal  axes  have  a total 
capacity  of  7150  IIP  or  5200  Kff  (3xl750HP  ♦ lxl90CHP}»  Fbr  details,  see 
•Oesterrclchischor  Waascrlafeft  Ka  taster.  (Gall*)  1948,*  Rofcrcnoo  14,  p 621 
of  Reference  27,  or  Plato  9c  of  this  yqport*  ‘ , F 


(2)  RAAK5R  LAKE  Development  (SeriaL  No.  23)  la  in  planning 
stage,  Tho  rosorvoii;,  area  is  2.2  km2  and  tho  storage  capacity  is  estimated 
to  be  30  million  m3.  The  outflow  through  the  SEBBAGH  enters  the  GAIL  River 
at  Km  6*0  above  tho  mouth,  . . ,, 

c,  .TRSSFNER  SACK  Region.  0S3IACHSR  LAKE*  IPv6  Ion2  area  ‘at 
501,0  ra,u*A,  elevation } undeveloped,  r,  ‘ . 
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d,  WSIS3SIB/JCH  Region. 

rsi  iSCF 


Ho.  at), 

coitions  of  ^fElSSENSKBf  (LAKE),  located  uQtnSOii  ty6  DRATJ  and  <VJL  valleys, 
the  water  power  is  utilized  in  3 stages.  The  nv)3  + W>o!^.rtW+  4 m the 
lowest  stage  at  KAMESiIN'G  with  162.0  ra  head.  The  regulating  gate  is  con- 
structed on  tho  lake.  The  dischargd  capacity _of  the  KAMEKENC  Dam  is 
14«0  nP/seo.  Thg  'TEISSEIJSIIE'S  area  is  6,4  km2,  and  its  storage  capacity 
is  133  million  ttk,  Thoro  is  an  additional  storage  reservoir  of  1,3’ 
million  m3,  Tho  development  operates  as  a trun  of  the  river*  plant, 

(Soo  pp  50  and  51,  Reference  28). 


e,  HESS’!  River  Region.  L6KB*  Area  13,3  km2, 

estimated  storege,  53,0  million  m3,  This  projoct  Is  undeveloped-  Outflow 
from  jt'ie  lake  flav.s  through  the  SE23ACH  into  tho  LIESER.  River, 

* * * 

f ■ MOELL  Rlvor  Region. 

(1)  MALLKTTZ  Power  Pldnt.  (Serial  No,  19)  at  OBER  VELLACH 
MOELL  River  Km  20,5,  operated  by  the  Austria  Railways.  Capacity  is  20,000 
I W.  "It  utilises  the  flow  of  MLtmiZ  BiCH  and  K/JPOTITZ  3/JCH,  The  total 
drainage  area  is  132.7  km2.  Tho  os time tod  inflows  are  as  follows* 


Annual  inflow  - 
Annual  moan  flow 
Mean  flow  (AprH-Soptcni>er) 
Mean  flow  (QetoberAMareh ) 


152  million 
4,82  jjh/soc 


■a 

me' 


SOO 

/sac 


The  surge  tank  capacity  is  3,800  m3  at  elevation  997,0  ro»u«A«  t The  fixed 
■weir  at  MALINI7Z  is  15,0  ra  vrido  with  a bottom  outlet  4.0bc4,O  in,’  For 
dotails,  see  •Ocstorroiohiseher  Wnssor  Katas  ter  (Moell)  IU-7,  *,  Reference 

M.  - '•  . • - ' “A  -* 


(2)  U 


operated  by  the  Austrian 


Power.  Plant  (5  or 


s,  Capac: 


18)  on  MALUTITZ  BACH 
The  power  plant  is 


dovelopcd  for  1,20  m^/scc  flow,  A tabulation . of  pertinent  data  follows* 


Drainage  area  , ; 
yearly  inflow 
Annual  mearA  discharge  . 

Mean  discharge'  (Apr^5optO 
• » (0ct,*4fer.) 

Low  water  flop  .(!*}) 

High’  * * * {H*>  *- 

Highest  hijdi  water  flow  (HKj) 


87.7  km2 
111,0  mipdon 
3*52  m-'/seo 
5*41  f 
1,62  $ 
0,67  • 

24.16  * 
65,60  * 


(3)  TTJffgaBACH  Power  Plant  (Serial  No.  20)*  Mooli  River 
R-n  70*0*  Power  capacity  2,970  Rf,  -This  project  utilizes  tho  lowest  part 
of  the  FIJrrSSB/CH  gradient  botwem'the  ’junction  of  the  ®0S8  and  KLEIN 
FLIISSBACH,  near  tho  village  of  PACK  BOHN,  300  m upstream  from  the  MOBIL 
Rivor  junction,  A tabulation  of  pertinent  data  follows* 
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Drainage  area 
Yearly  inf  lew 
Moan  discharge 
HIgi  rrator  flow  (HQ  ) 

Highest  r±g\  water  flow  (.HW ) 
Utilised  head 
Reservoir  elevation 


30*7  km2  , 

45.0  inmion 
1,42  nK/sec 

8.0  * 

29.0  * 

331*0  m 
TA97.no  »T5*U*A# 


sSooT olovati on^beluw  newer  plant  1135.00  * 

This  13  an  auxiliary  dov«t  to  tc  uUU.od 

tho  building  of  the  ^wt  has~a  fixed  weir,  9.0  m wide 

The  trash  rack  has  0.02  m clear  openings 

and  is  4.5  m wido  and  1*8  m Icsag. 

f4)  MOELL  T^nfor  ConduiLtaJC^M,  *“  80-°* 

This  development  was  hjdit  ^ ^1?  development  in 

PA3TEURZ  glacier  and  the  fflg  t;jjeEN.  It  was 

the  SALZ4CH  River  basin  on  the  nor^_^c^U  m ^ ^ & p ^re 

placed  in  operation  in  1952.  ofe«it  ^axirmn  gradient,  and  16.0  np/seo 
conduit,  2.60  in  diameter,  0.34  dov^ixna^oonslJta  of  the  danndng 

flow  capacity,  ^emaini^rt^  tMs  dovel  pn  t crcating  the  arti- 

of  the  PASTERZ  glacier  flew  and  WELL  itivur  oy  * 

fidal  reservoir  of  M..KG..KITZE# 

*3  storage  capacity  at  a po.l  olstntl*^  i^'iSmaksSE,*  la  a 

pool  elevation  is  2000.0  m.u^.  at  the  crest.  Hus 

arched  gravity  type* m* As  **8  0 *n  hirih,  of  gravity  lype*  95*0  m 
M a.lfh  ■M RGARI T ZEN S PEFIRE « • is  38*°  ™ JL__  s_4.~  untTT.T.  River 

togi  to  botto  nutlet  on  th = north  <to  «^Va»Ti."- 
and  is  150.0  m tog  cndJ2La_di^?!!  S;  -1.8  kn  lung  o..ndult  of  2.2 

divorted  Into  the  W.MJKETSE  BoServrt:  ^sterrcicJiiacher  Kn tester  (Moell; 

dimotor  end  3 rn^/sac  oapaoity,  <3f 
m 7a,*  Refer  .moo  U and  p 103  « 33). 

(6)  smaMTHU8SI8SWnt-iniHg80K  Pgor  Qevotorat 

IT*. 

^71t 

(a)  tos  ^ISSSS? 

1947  yltt  estimated  "blotto  In  1956.  ^ ^ ^ ^ -,*tor  povfsr 

capacity  j the  present  ^crating  PjM*  thQ  reISSECK  Group  and  the 
supply  can  be  class i£ied  into  Ur.  group  J ^ hlg^lo0otod  Alpine 

KREUZECK  Group,  the  WELL  River.  The  central  povrer 

l-kos  and  the  roia-  fsso^Os^orrslohlsohor  Katastar  (Mooli), 

plant  is  ioca^ou  at  jKLBK---.  . 

Reference  14  or  References  29,  3*i.  33 --»*  ■«’**' 
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HXHALPI1JSEE 
RADIS  EE  5 • 

KLEIN E MUEliLDORFERSEE 
GROSSE  • 

Z.'NP!.ACHER  DAILY  RESERVOIR 
G0ND2IWIBSE  • » 


The  development  also  utilizes  the  flovr  of  the  following  streams* 


arial  No.  29)i 

l This  o insists  < 

Capacity 

T?TI  «« 

filAV  »U  W>VI4 

ntman  w»l 

m.u.A. 

4.7 

2377.80  (max 

2.6 

2360,30  (min 

2.6 

2399.00  (max 

7.9 

2388,00  (min 

0.1 

1550.00 

0*04 

iOo 

1285 s 00 

KAPCNIG  BACH 
ZWERBERG  BACH 
SWBHLDQRfiat  BACH 
00  ESS  BACH 
R3CICEN  B/JCH 


;e  .Area 

13.5 

13.8 

11.75 

16.45 

li£l 

71.45 


Yearly  Flevr 
(million  m3) 


9.9 

12.7 

23.6 

19.7 

2SU2* 

85.90 


(c)  KRE0Z35K  GROUP  (Sorlal  Wo.  29  )i  This  group  impounds 
the  flows  of  right  bank  i^pEIL  Rivor  tributaries  and  conducts  the  flair  to 
the  KOIIjnITZ  plant  for  pbivor  production.  It  includes  the  follovdng 
elements*  * 4. 


TEtCHL  BACH  and 
tributaries 
GHOPPITZ 
(mA3/XH 

KAISER  and  NIKL/.I  B/CH 


mso  Area 

42.24 

31.28 

22.33 

m 

Tw.61 


Yearly  FI 
(million 


IA  Q 

+y*y 


27.5 

21.50 

JliL. 

124.5 


Included  in  the  development  is  the  R0S3HIE3I5  Weekly®  reservoir  of  0.185 
million  m3  at  elevation  1194.0  m.u.A.  Tiro  other  Weekly*  reservoirs  of 
0.140  million  jq3  g^g  proposed s 


(1)  KAiaSHBACH  Pireer  Plant  (Serial  No.  22)  > Isel  River 
Km  20*5.  This  project  has  been  in  operation  einoo  1950*  It  has  6000  K# 
capacity  and  6.0  r^/sec  mean  discharge,  a 0,1  million  nr  storage  reservoir, 
and  an  operational  turbine  capacity  of  3 m^/soc . (See  Ref«r«ftso  30)s 


r 


(2)  Proposed  pTOJect9»  T ho  following  developments  are  in  I 

tho  planning  stage i 'I 

(a)  POELLAND  Porcror  Plant  (Serial  No.  28)  of  the  City 

of  LIBN2« 

30,000  K ft  capacity 

(b)  D AB  E RKLAMM- HUBB?  Power  Development  (Serial  No. 

271  Oil  the  KAL3ER3/£H  at  isal_Siver"^_20.5«  It  will  have  120,000  1CT 
capacity  and  include  the  DCRFERTAL  Storage  Reservoir  (Serial  No*  27) 

of  95*0  million  m3  capacity#  Tho  BABERKLAM4  Dam  is  to  be  an  arohod 
gravity  dan,  140*0  m high  with  a maximum  pool  elevation  of  1728.00 
and  a minimum  of  1630*0  n*u*A.  The  utilised  head  will  bo  98.00  m.  Tho 
penstock  capacity  is  to  bo  17  m^/eec.  (See  Reference  31). 

(c)  MATHS!  Power  Development  ( Serial 26  a 27)» 

133,  Idvor  Kri  30.0.  This  project,  is  to  be  located  on  the  TAySR^aidH  (see 
Reference  30).  The  planned  ultimate  capacity  is  to  be  35,000  KW,  The 
project  will  include  the  SCHILDAI#  P error  md  Punping  Plant  - f 30,000  Kft 
capacity  with  the  following  reservoirs t 

Storage  Capacity  Elevation 
(million  m3) 

DfNERGSSC HLC8S  (Serial  No.  25)  90.0  1777.00  (mftx.) 

1682.00  (min.) 

120.0  1593.00  (max.) 

1505,00'  (irdLii,) 

100.00  1730,00  (max.) 

1630.00  (min«)  j 


i 
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MATREZR  tauerntal 

(Serial  No,  26) 
DORFERT/iL  (DABERKLAMM) 
(Serial  No.  27) 
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EXHIBIT  B 


ABSTRACTS  OF  TECHNICAL  LITSttTUSE 
ON  THE  MUR  (MURA)#  RIVgR 


1,  EITROEUC  TION 


a,  This  exhibit  oonsists  of  abstracts  o?  information  translated, 
from  technical  literature  concerning  the  physical  and  hydrol&gic  character*- 
istic3  of  the  MUR  (MURA)  River  and  the  pertinent  features  of  the  major 
hydroelectric  power  dews  in  its  basin*  The  information  was  obtained  from 
American,  German,  and  Austrian  technical  literature  listed  as  References 
14,  22  and  35  to  39,  inclusive,  in  the  Bibliography  following  the  text  in 
the  main  body  of  this  report.  In  selection  of  abstracted  material,  primary 
emphasis  wa3  placed  upon  hydraulic  and  hydrologic  features  that  would  be 

of  use  in  the  study  covered  by  this  report.  Reference  should  be  made  to 
the  basic  sources  for  other  critical  features,  such  as  structural  and 
electrical  factors.  The  information  available  in  the  sources  in  anny  cases 
is  incomplete.  However,  it  is  believed  that  the  material  presented  In  -) 
thi3  exhibit  wuld  assist  in  determining  the  relative  military  hydrologic 
potentialities  of  the  hydraulic  and  hydroelectric  developments  now  exist- 
ing or  proposed,  within  the  basin.  In  addition,  this  exhibit  might  be 
utilized  to  supplement  information  obtained  from  other ’ sources  and  from"1 
field  reconnaissance  or  to  serve  as  a guide  to  indicate  the  nature  and 
extent  of  desirable  additional  data  to  be  supplied  oy  further  research  and 
intelligence  procurement,-  ‘ t 

b.  Specific  reference  is  also  made  to  the  general  map,  Plate  1,  ■ 
of  the  roport,  for  locations  of  important  elements  and  to  Table  4 of  the 
report  for  surmarizod  pertinent  data  on  hydroelectric  structures.  Serial 
numbers  of  hydroelectric  power  developments  as  shorn  in  Table  4 -end  Plate  1 
of  the  report  are  included  in  this  exhibit  to  facilitate  identification. 

Tho  river  kilometers  cited  «in  this  exhibit  correspond  to  the  syston  used 
throughout  the  report  and  described  in  paragraph  L-04o  of  the  te^t* 

2.  CUJERAL  B^CRIPTIGN  (Basis*  References  14,  22,  35) 


a.  The  MUR  (MURA)  River < is  the  largest  tributary  of  the  DRAB, 
(DRAVA)  River.  It  is  455  km  long,  and  has  a drainage  area  of  13,824  kn2,, 
both  measured  at  its  mouth 'at  I2GRAD.  The  58JR  is  an  international -river, 
flowing  on  the  territory  of  AUSTRIA,  YUGOSLAVIA  and  HUNGARY.  The  major 
part  of  the  course  lies  in  AUSTRIA,  namely  325 *4  km  plus  33 »4  km  length 
of  boundary.  The  rest  of  the  MUR’S  course,  including  its  junction  with 
the  DRAU  River,  is  on  the  territory  of  YUGOSLAVIA  and  HUNGARY,  .Between 
Km  96  and  130  (new  kilometer  in  g from  the  junotion  with  the  (DEAD,),  tho 
’UR  River  serves  as  the  international  to ondary  between  YUGOSLAVIA  And 
AUSTRIA.'  Also  in  its  lowest  roaches  between  Ra  0*0  at  LEGRAB  anil  Sib  4i«C 


*&UE  is  the  Gorman  and  Austrian  n^mej  MJRA  is  the  Blavie  n«er.e • 

■3  -r  bCL.Urkii7"\'  IMCnriiisTiA.. 
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at  PEIS,  tho  thalweg  line  of  the  MUR  River  serves  aa  the  international 
boundary  between  HUNGARY  and  YUGOSLAVIA,  Prior  to  1918,  the  MUR  was 
entirely  within  AUSTRIA-HUNGARY*  The  administration,  however,  was 
divided;  the  Austrian  part  being  administered  from  the  Central  Hydro- 
graphic  Office  in  Vienna,  and  the  Hungarian  part  from  BUDAPEST, 

b,  Tho  MUR  River  originates  in  the  CENTRAL  ALF8  at  KJNGAU, 
elevation  1926/#  Along  its  455  km  long  course,  it  drops  1796  in  to  eleva- 
tion 130  m.uJT,,  at  LEQRAO  in  the  PANNONIAN  DEPRESSION, 
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o.  The  geopiysieal  characteristic  a of  the  MUR  show  three  dis- 
. tir.et  divisions*  . 

f " ' ~ 

- 

(1)  UPPER  MUR,  of  interior  Alpine  region,  between  UJNGAU 
j and  BHUEGK  a,d.  Ml®,  Km  234,  following  a west  to  eaat  course, 

. / 5 

(2)  MEDDLE  MUT^  crossing  the  exterior  Alps  between  BUJBGK 
and  GrLiZ  (an  179)  in  & north  to  south  direction  and  through  the  STYRIAN 
HILI3  in  a southeasterly  direction  to  RADKSRSBERG,  KSn  101*4, 


(3)  LCWER  MUR,  in  the  YIK£SUV»®NGARIAN  DEPRESSION 
(PANNONIAN  DEPRESSION)  to  the  junction  with  the  DRAU  River  at  I£GRAD. 


d.  The  UPPER  MUR  has  all  the  characteristics  of  a stream  of  the 
— CENTRAL  ALPS,  It  flows  through  a west-east  200  km  long  escarpment  knowi 
as  •NORISGHE  SENKE*  (Korio  Fault  Line  Scarp),  which  also  contains  the 
MLfEK2  River,  This  part  is  entirely  separated  from  the  neighboring  reports 
and  from  the  ii  IpillO  for  cluud  by  high  mountain  ranges  such  as  the  IC“TER 
TAUEHN,  KJ35NERZ  /APS,  RADSTAETTER  /.LPS  on  the  left,  and  the  HAF7NER  GROUP 
and  GURKTALER  /U8  on  the  ri^it.  The  drainage  area  of  the  UPPER  MUR  is 
approximately  200  km  long  and  from  30  to  50  km  wide.  Approximately  2/3  of 
the  flow  is  supplied  by  left  side  tributaries  against  1/6  from  tho  right, 

‘ * 

o.  The  MIDDLE  MUR,  Beginning  at  BMJCX  a,d,  MUR  (j£n  234),  the 
MUR  bends  sharply  southward  and  cuts  across  the  exterior  Alpine  mountain 
range  (STEIRISCHE  RAND  GEBIRCS)  t©  GRAZ  (Kte  179),  Thore,  it  enters  the 
ao-called  «CEIAZER  BBCKT*  or  STYRIAN  HILLS,  The  1SJR  and  DRAU  Rivers  are 
the  only  major  streams  cutting  from  the  interior  Alps  through  this  Alpine 
exterior  rango  t©<srds  tho  east. 


f.  The  LOSER  MUR,  Below  GRAZ,  the  MUR  valley  turns  southeast 
and  widens  until  it  spreads  out  towards  tho  east  depression  at  RADXER8BERG 
(Kin  101),  It  leaves  Austrian  territory  at  Khs  9b. 2 and  enters  YUGOSLAVIA, 

3.  GEOLOGIC  OOHBITIGNS, 


a#  The  interior  Alpine  part  of  the  MUR  region  is  predominantly 
of  crystalline  oharacter,  changing  in  parts  from  hi^ily  aiyetalline  reck, 
granite  and  gneiss  formations  to  motftnorphic  rooks,  Between  these,  the 
lass  jsetasnorphic  rocks  of  various  types,  such  as  mica  schists  and  calcar- 
eous marbles,  may  be  found.  Tits  NORTH  C/.LCARE0U3  /US  (NOERDLIOHEN  KALKALFEN) 
penetrate  only  the  northeast  part  of  the  MUERZ  regi.cn , rr-AT^.^— 
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b,  Between  the  CENTRAL  ALPS  and  CALCAREOUS  ALPS,  northward 
frem  the  line  PAL  TH?? -LIE3  IN  G-MU  R-MUE  R2 1 is  a zone  of  Palo  zoic  graywacke 
slate,  marked  by  great  variation  of  petrographic  composition  with  a pre- 
dominance of  iron  ore.  Also  important  are  the  Tertiary  formations  with 
deposits  of  coal,  particularly  along  the  slurrp  betrroaa  TAJ-BWEG  BASIN 
across  the  3EJJTALER  PASS  in  tho  direction  of  tho  RAKTSN,  KATSCH  and 
TOELZER  VALLEYS,  proceeding  further  into  the  basin  of  JUDENBURG  and  3SECKAU, 

c,  The  *3TEIRISCHE  RAND  GS3IRQE®  (STYKIAIi  MDUHTAIN  RANGE), 
through  which  tho  mlm  River  cuts  its  course  in  a 70C>-1,300  ns  deep  gorge 
between  BRUCK  and  GRAZ,  is  tho  most  easterly  part  of  idle  CENTRAL  ALF5* 

This  range  surrounds  tho  depressed  •GRAZER  BTXHT*  (BAY  OF  GRAZ).  Funds-- 
mentally,  thi.s  mountain  range  is  of  tho  same  geologic  structure  as  the 
crystalline  system  of  the  UPPER  MUR  region . Tho  escarpment  along  the 
fault  lino  MUR-MU5HZ  VALLEY-0BDACH5R  SAEDLE-LAVAFT  V/iLLET-MISLUi G VALLEY 
scparat.s  tho  STYRL'J*  mountain  range  from  the  CHRTPu'I.  ALPS. 

d,  The  ■3TE1  RISC  HEP.  HUEGELLAND*  (STYIOAN  HILIS)  knom  also  as 
•GRAZER  3UCHT,*  thmlgh  which  the  MUR  flows  below  GRAZ,  is  a Tertiary 
formation,  ori  ginatlrfg  in  the  sane  geologic  period  in  which  the  PAN NON IAN 
SEA.  overran  the  southern  part  of  STYRIA  as  far  as  the  Alpine  range  and 
then  started  to  recode.  A Tertiary  sodiment  of  soft  schist,  sand,  clay 
rubble  and  gravel  formed  a several  hundred  meter  thick  cover  over  the 
original  depressed  mountains , The  whole  surface  area  of  the  •HUEGELLAND* 
is  characterized  by  the  erosion  of  numerous  streams  creating  the  typical 
long  drarmout  chains  of  low  hills  and  flat  wide  valleys.  The  wide  diluvial 

r>n  11 VI  nl  4*  4 « Own  ol  AM.  4 W>r>f.w4  aUaw  A a4  4 aa  aF  4>Vt4n 
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middle  part  of  the  MUR,  3ucn  gravol  terraces  roach  a thickness  of  as  imxch 

A3  SO  m* 

4.  HYDROLOGIC  CONDITIONS  . 


a.  General.  Tho  MUR  is  an  Alpine  stretm,  defined  in  official 
Austrian  teirninolojy  as  a Shi.ph  mountain  river  dthout  considerable 
glaciers  in  it3  drainage  area,*  The  major  pert  of  its  region  i3  located 
at  1,000-2,000  m,u.A#,  or  Higher  elevations, 

b.  Seasonal  Variation,  The  maxima  end  minima  uf  the  flow  are 
distributed  during  the  hydrologic  year  a3  discussod  In  following  sub- 
paragraphs  • 

(1)  Absolute  minimum  flow  of  the  MUR  occurs  in  the  winter 
i<»nths  -if  -January  and  February  because  of  regular  freezing  conditions  in 
the  entire  region  above  ,1,000  m.u.A. 

(2)  Absolute  maximum  flow  occurs  regularly  in  April  and  May. 
The  au.-iw  is  usually  molted  in  spring  and,  in  .most  adverse  conditions,  in 
early  summer . The  glacial  reserve  which  \7ouli  be  .apparent  in  the  summer 
period  is  lacking* 
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(3)  Baginning  in  June,  a slight  decrease  of  discharge 
sxart,s  which,  in  the  rnanths  of  July  and  August,  msy  increase  or  decrease 
(secondary  minimum),  depending  upon  vreather  conditions. 


(4)  At  the  beginning  of,  autam,  the  rains  and  melting  of 
fresh  snow  in  regions  of  higier  elevations  incroase  the  MUR’S  flaw  or 
delays  any  docreaso  of  it.  (Secondary  maximum). 


(5)  Beginning  in  Novcmbor,.  the  flow  falls  to  the  usual 
absolute  minimum. 


c.  Flow  Duration.  On  tho  basis  of  official  long  term  informa- 
tion of  1915  (see  Reference  22),  the  flow  of  the  MUR  at  PEGGAU  was* 


over  100  irP/sec  for  a 

0 80  * 0 0 

» 70  » ■ ■ 

0 60  " * * 

0 50  0 0 0 

a 40  ».  a n 


period  of  185  days 

• 0 2SQ  • 

0 0 260  0 

0 0 270  ■ 

• « 300  • 

« » 330  • 


The  catastrophic  flood  at  DIONYSEN  (km  243*5)  was  1,700  n^/sec. 


5.  TEIGIT3CH  F07ER  DEVELOPMENT  (Based  on  References  27,  36,  37  St  38). 
a.  General. 


(1)  Tho  TEIGITSCH  project  in  ARN5TEBJ  is  situated  on  the 
TEIGIioCK  River  and  its  tributaries,  MnDRIACHERB/iCH  and  PACKERBACH*  The 
TEXGITSCH  flows  into  the  KAINBACH  River  which,  in  tum,  joins  tho  MUR 
River  at  ’TIT.DON , MUR  River  Km  155.  The  development  consists  of  the 
fo llotdng  installations! 


/JUSTED'!  Power  plant 
LANGMAH  Reservoir  and  Dar. 

P/JDK  0 a 0 (Serial  No,  7) 

KIBSZSi'J?  * = f (Serial  Mo,  8) 


It  was  c n struct cd.  in  stages,  starting  with  the  AHNSTEIK  power  plant  and 
its  ’’weekly “ reservoir,  XJJIGMAF  Dam,  in  1923-1925 « This  -reservoir  retains 
approximately  0*3  million  rr?t  PAGE  Dan  was  constructed  in  1929-1932  as 
the  second  step.  PACK  Dan  has  its  itn  simll  power  plant.  Its  main  pur- 
pose  is  tu  servo  G3  a yearly  reservoir  f«r  the  A1USTEIN  power  plant.  Tho 
storage  capacity  is  5.41  million  nr,  H3ER2MAN  DAM,  built  in  1948-50  pro- 
vides additional  hydraulic  power  supply  for  ARNSTEIN  power  plant,  and  has  a 
capacity  of  7 #8  million  hm  , The  combined  capacities  of  tho  TEIGITSCH 

River  reservoirs  amount  to  12,91  million  nK,  PACK  aid  HIERSM&N  Dams  serve 
to  insure  an  output  capacity  at  ARNSTEIN  power  plant  of  30,000  KW.  (See 
pp  290-291  of  Reference  36  end  pp  21-25  of  Reference  37)? 


B— 4 
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b.  ARMS  TUN  Power  Plants  (Baals a Reference  2?) 'Sen  gp  76 j-  B13- 
846.  928  and  lofs  oTRaferonoe  27).  Detailed  degcript&cn  of  the  AMgfKD? 
pwar  olant  after  the  recent  reconstruction  duo  to  the  accomplishment  of 
HIERZMAN  DAM  in  1950  is  not 'aval  labia  e The  power  plant  oapaeity  la 

30,000  K*.  "See  Figa,  1248,,  334^*54,  158$  and  1738  in  Reforenoo  27), 


1,  a on™«;o  S §R  Tta  j" 

is  a eonerote  gravity  ctvn  -n  2©  ns  overall  height,  5*0  n orast  width,  ana 
26*2  m base  width,  including  the  stilling  basin  and  energy  dlssip&tdr.  ’ 

The  total  length  of  the  don  is  34*0  ra.  The  spillway  has  2 openings  each 

9.00  wida,  equipped  with  ^*roud**  shutter  gates  1,75  H high.  The  upper 

pool  elevation  is  629*50  m.u*A«,  when  a* ratters  are  dosed.  Two  trapssoidal 
roller-sluice  gates  close  the  5256  m long  tunnel  of  2*6  n diameter  that 
carries  the  flan?  to  the  pen  stock  gn&  thonoo  to  the  turbines  in  the  AHN3TEIN 
power  house.  (See  pp  820-21  of  Rfiforonce  27) • The  two  penstocks  have 
1*950  m clear  diamotor  and  arc  connected  with  the  tunnel  ty  a Y-pl&cd 
enclosed  within  a concrete  blade.  The  p on  a to  ok  serves  3 turbines.  (See 
Figs.  811-813,  821-823,  982.  986,  992,  1030-1034,  1079-1087,  1514-1517, 
and  1568-69  of  Reference  27;«  * 

d.  pas  sag  aft. Jfegkalft  jSsaLai  fiaEarsaeg. 37) » 

(1)  This  projoct  was  built  in  1929-32  fer  the  purpose  of 
incroaaing  and  regulating  the  hydraulic  perror  supply  of  the  AfiNStEJN  power 
plant.  Its  geographic  location  Is  46°  58*40*  north,  15°  01  *00$  east  of 
Qroonvrich,  The  drainage  area  covers  63  tarr  of  wooded  territory  in  the 
MIDDLE  ALPS,  lying  between  1583  and  839  m*u*A,,  the  mean  elevation  being 

1100.0  m.u*A*  Geologically,  the  sroa  c -nsista  mostly  of  gneiss  end  mica 
schists  as  well  as  diluvial  glacial  formations  with  a weathered  cap  arsd 
thin  sedi-ont  cover.  The  stream  carries  nn  detritus  nor  mud. 


(2)  The  dam  is  located  at  the  confluence  of  tho  MdORlACHER-- 
BACH  and  ?/£K?!Si£Hs  The  voarly  inflow  ranges  bo'ebeon  26  and  55  Bullion  m3, 
and  avoragos  43  million  m?  in  a normal  year.  Tho  retention  volume  and  area 
of  the  reservoir  aroi  ! 


Elevation  fa«u>A.) 


Storage  fenillion  nftl 


Area  (hectares) 


867.70 

* • 4 

5*41 

867*20 

. % « < * * 

5.12 

865*00 

* . 

4.00 

862.67 

. * 

3.00 

359.60 

t 

' 2.00 

855.32 

*5 

1.00 

839.00 

» 

0*00 

58.0  (winter  stage) 
55*8  (summer  £ ) 
46.7 

37*7  : 

28*7 

18*5 

0*0  (lowest  (Stage) 


(3)  The  Jydrgulid  head  is  29*0  zr,  above  mean  jrai<$r  stage. 
Maximum  depth  of  reservoir  at  tfed  (kw  is  29 #0  m.  The  area  of  . the  valley  • 
croes-aestlon  at  the  dm  ia  Jo20iO  nr.  PACK  Dam  IS  jfe  Arohed  gravity  dan, 
assymotrio  with  the  ting#  flfS  lasted  at 

intervals  of  14.6  to  25*6  ra*‘.  A d&tfhi  iniipadtoi:  M WdHeA  ir*- 

sldc  ih?  das  i^th  snails  oh  both  sides « The  susawSwientS  of  the  dka 
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Crest  clevatlun-863,2  ra,u.A. 
Max*  height  of  dam  33,2  m t 
Tree  t ^ * - 29.2  m ‘ 


Tha  upstream  aids  cf  the  data  is  'Vertiuaiy  -the  taibratcr  side  is  sloped 
It 0,75*  Free  length  u£  the  dan  is  183  m,  extended  on  the  loft  side  by 
a rock-filled  wing  dam  79  m long,  13*2  maximum  height,  1*2  slope  on  the  * 
upstreun  side,  and  1*2.5  on  dwmstresam >idQ. . (See  Fig.  VH  of  Plate 

9d  of  this  report  dr  Figs.'  3*  4a*  9*  10,  pp  3,  4,  24  and  25  of  Reference  37)* 

(4)  Tho  spillway  is  designed  so  as  to  cmcentreto  the  otsew. 
fiav  stream  into  tho  tai  lira  ter  .in  the  PACKERB/JCH , It  has  3 sluices 
6. 7x2.2  m nf  130  m3/soc  capacity,  equipped  with  heidUoporated  gates. 

< (3)  The  bottom  outlet  is  a stool  pipe  0.90  m diameter 
tapering  to  0,70  in  diameter,  with  a butterfly  ^nergcncy  valve  of  0.30  is 
diameter  and  a ring  valvo  as  regulating  main  Closures.  Capacity  of  tho 
outflow  is  7 z$/bqc  . A Venturi  meter  calibrates  the 

(6)  Tho  penstock  to  the  Francis  spiral  turblno  is  1.30  m 
diaraotorj  it  has  2 butterfly  valves  of  1*20  m diameter*  The  flow  capacity 
is  3 hk/soc*-  Tho  turbine  generates  500  KF, 

«>•  ffig3aM.Ban.  teryvlr.  lmi&  te*  jflJSaatei  Mgr.9nge.3S)» 

Thin  plant  serves  as  an  additional  -yearly5  reservoir  for  tho  ASKSTE1H  , 
power  plant  in  order  to  maintain  its  capacity  at  30,000  Q f.  The  outflow 
is  Curried  by  a tunnel  of  2*60  m diameter  from  KESahiANri  Reservoir  to  the 
LAMQMAN  Resorvoir,  (3eo  Plate.  9d  of  this  rep  ort  for  sketches  of  the  dam 
and  Refer  one  a 38  for  detailed  description  of  the  project).  The  main 
characteristics  of  HIER3MANN  Dam  aro* 


Location 
Yearly  inflow 
Retaining  reservoir  volxne 
Ares  of  reservoir 
Drainage  area 
Maximum  stage  elevation 
MSL  nanuen  * *» 

Fetation  elevation 
Crest  length 

Wall  height  ‘ , 

.Radius;  of  crest  (middle)  ' 
Radius  of  lower  third 
Arch  thickness  at  crest 
Lower  third  thickness 
Spillway  length 
Bypass  tunsal  length 
Bypass  tunnel  diameter 
Bypass  closure 


46°15»K,  15°05‘E 

95.0  million  m^ 

7*2-;  * » 

fnfltaras'  A 

iKo  i? — 

706.00  m.u.ii. 

675.00  5 

650.00  • 

180,00  is 

58.0  « 

90,0  • 

54*8  • 

,2.70  * 

s;sl  ; . 

50,0  i 
226*0  * 

» 2,60  5 '-j  \ r 

2 butterfly  valvo3  1*0  m*  and 
2 ring  valves  0.8  in  diameter 
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6*  HSDI&ULID  SEVSLC-rwMt'fS  OrrMUR*  RIVER. . 


««  * 44  a®,  SSBBISl*  The  NKJR  Rivor  ia  regulated  fop  purpes©  of  flood 

f "?“V*  V°  te  l5n* reach  ' 

^SiVRly  dovoJt>P°d  f ' «r  hydraulic  arid,  hydro olee trio  power 

h?!nw  ti0n*  *7  regulation  at  the  river  aJSte 

below  the  ^usWxan  bordpr  on  the  torritoty  of  Tugoslavia,  The  hydraulic 
ovolupironts  in  specific  reaches  is  Outlined  in  the  following  pSagropaa, 


«»».*  4. v_ mammmaBLX.  *** •&-•*$  gr^a  a*a*M 

. - ' ills)  for  the  purpuso  of  reducing  the  steep  stream  «wii t* 

SLdJL??  othcr  ***od  and  movable  weirs  u till Sng  thTcfSSd 

rSsX^  dalus trial  enter- 

tu  8^j,avA  • a feTr  larger  pidS^fcf#  tydroeloct-rie  poise-  plants*  Usually 

a?r°S!jho  rlver  diTert5  «*  into  an  artittjdal  JmalTm 

£^tures°  °t>»^  f°y°^al  ®»n*  industrial  enterprises.  Pertinent 
tsaturea  theso  dqvolopments  are  as  follows t 


this 


CD 


ga  C&oaJ,*'  ; 

ate s 3 small 


""V*? 560  m long  c5H7'5S3hl  ^Sorancxiaees  j a 

^ °^priae3  * Jaz^L  hoad.  S.45  raj  banal  and  ^eir  under 
reconstruction  because  of  destruction  of  weir  in  war* 
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xed  flew 


overflew  wooden  T/oirj  canal^.lot  structure  wiw  > 

0«6  nP/sooi  mQan  head  l-2n-»w*  AAf*VAtt  knnnilAm^  Adi  **oor*^«p  tmJ  * 

•*  — »,»••*■  - * ■ — * — - r ^ M/nipA  VUiabVf 

“S°*  «*  h<»>2  «0/«e  flaw  oapacity,  ™aa  head 

^50  m;  canal  on  loft  «idu  serves  l Enterprise  and  is  1,5  fan  lyng»  1.5 

nr /sec  capacity,  moan  hoed  10.42  aj,  7/  \ 


Fixed 


msfi. 


nal.  Fixed 
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head-race  anti  130  n tailnraco,  225  nP/see  flow  capaoitv,  3,93  liirftsdd: 
serves  4 aaaU  industrial  <**tarprises,  ..  9 
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L«  Fixed 


weir  with  overflew,  idling  chute  and  sard-trap,  ^,llvmy  lengtti  i5*70  m; 

232  m long  hoad-racoj  2 Francis  turbines,  9 m3/*s«e  flow  and  500  HP  capa- 
city} mean  hood  5*C0  m. 

(8)  Bn  362*520-362  *40Q.  IffBtAP  P(*tfr  Pl^t.  frixod  weir, 

15  m long,  log-way  10  in  vidoj  scouring  8qri.ee  6, 60  it!  widej  head-race 

30  m long.  4.85  m widoj  3 turbines,  rt*2  w^/aee  f low,  400  W power  capacity  1 
wean  head  5*2  m« 

(9)  Bn  344*660-344 .570.  Ig^SBUHg.  Power  Plant;  Fixed  weir] 
h-jad-rooe  with  5 sluice  gates,  58  a long]  10*27  m wide,  1*70  rn  doopj  2 tusv 
bines.  12*5  rn^/aeo. 


flow  weir;  power  house  dlred^J^dQ* 
32  m^/seo,  770  $Jj  mean  head  4*1  m. 


11)  Bn 


, fixed  ovciv 

EiTar  Bay-]  3 Francis  turbines, 

JODENBURfe  Power  Plant  of  STEIR33CHER 


l»l» t*i>* 

1 1 M 1 i'mT'F  '*‘11 " |E 


1 » 


IijL^bT 


— K5CT 


movable  Trcir  ri+b  3 openings]  sluice  gates  15  as  x 6*3  nu  ITolr  capacity 
I, TOO  nd/aec  corresponding  to  the  catastrophic  flood  water]  backwater 
length  1.5  tan ] approximate  reservoir  storage  ca>adto  1,5  million  nF» 
power  plant  canal  3*73  tan  long,  flow  capaoity  7S  ra3/joc,  bottom  gradient 
0.02  perwaat,  croas-eecti  :n  of  t rape  suit!  nl  shape,  bottom  width  4*5  m, 
slopes  1*0  to  1*5)  inlet  uiructurc  an  left  5 ado  equipped  with  oUrtcdn 
wall,}  3 inlet  double  cluiceiJ  each  6,7x4* 3 end  5 scouring  sluices 
4,0x1. 2 raj  2 Kaplan  turbines  each  47  nP/so©  and  7,500  !T  capacity;  mean 
utilised  hydraulic  head  16,75  »j  movable  srano,4  45  tons  load  capacity, 


|MJ 


,S»^S6M>.  9 

ds  tur 

bines,  i 
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(1)  srwibla 

sluice  woLr  with  3 openings  and  2 concrete  pillar®  j double  sluice  gate 
15  m clear  width  and  11*60  m high  (upper  leaf  §-30  m*  lower  leaf  3*3  ra)| 
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tod)  ^ '"FORMATION 

.j  emergency  olosur©  by  means  uf  step-logs;  upper  stage  467*3  m.u.A,) 
backwater  length  4.3  to  5*4  km;  canaL  inlot  structure  un  right  side, 
equipped  with  a curtain  rrail  6*0?  r.  long,  1.50  m submerged  depth;  canal 
closure  by  means  3 double  sluices,  each  5.3  tr  x 5*00  m;  1 waste  sluice) 
. upper  canal  2,32  km  long,  flow  capacity.  140  nv/soc,  trapezoidal  cross 
section,  bottom  width  9*5* m,  slopes  1*4,*  bottom  gradient  0.025  percentj 
3 Francis  vertical  shaft  spiral  turbines  each  45  nra/soo  and  8,30©  HP  - 
capacity)  capacity  £ power  plant  18.500  !CT)  moon  utilised  hoad  17.3  m« 
(See  pp  590*762  of  Reference  27  or  ng«.  ?!.*£.  Sift  to  9e  of  this  report). 

• ' , . f 

(2)  222.725-2U.84Q.  L'JJFEKT ATOOftF  Powor  Plant  fS erlal 

Wo.  11).  Submersible  cylindrical  weir,  3 openings,  55  m wide  and  fc.3  m~ 
Mgh;  b'th. cylindrical  gates  maybe  sunk  1.25  m' under  the  normal  stage) 
weir  drive  meoheniar  un  the  middle  pillar)  anergonqy  cl  isure  by  means  of 
needles;  upper  stago  446.3  m.u*A,j  backwater  length  approximately  4 km) 
canal  inlet ; structure  on  right  314 e "equipped  with  curtain  wall  and  coarse 
trash  rach,  7 waste  sluices  each  4.20  a x 0*9©  m and  3 double  sluices 
6.40  m x 3.80  ra;  65  m long  spillway  ever  the  canal  wall  into  the  river) 
upper  water  canal  6.95  lan  lung,  110  m3/sec  flow  capacity,  trapezoidal 
cross-section,  bottom, width  6 m,  side-slopes  111, 5,  bottom  gradient 
0.025  percent,  concrete  facing;  surgo  tank  c >n  a true  tod  separately  from 
the  pxrer  house;  2 penstocks  equipped  with  gates  8*6  m x 2.62  m with 
».  hydraulic  drive,  craergenqr  closure, by  moans. of  atop  logs)  4 waste  sluices 
each  1,25  m2;  2 Kaplan  turbines  with  vortical  shafts,  55  m^/sec  and  11,000 
HP  opacity)  p/wor  plant  edacity  16,000  KW}  mean  utilized  hoad  19.0  m; 
movable  crane  75  ton  load  capacity. 


' ' <3>  SB  213,665-213.00.  FROHNLglTSN  Power  Plant  and 

Paper  Mill.  Sector  woir  wiih  4 openings;  3 openings,  16.00  m x 3.85  m, 
y oquipped  with  oluico  gotos  2,77  mthigi  ana  a 1*08  ra  high  flap;  1 log-way 
11.0  m wide  and  22 >5  m lung;  upper  pool  stage  428*00  m.u*A,)  canal  inlet 
structure  equipped  with  7 sluices  4,00  m wido  plus  a sand  trap;  3 Francis 
turbines  with  vortioal  shafts,  80  nr/soc  flow  and  2,500  KW  power  capacity) 
mesa  hydraulic  head  4.0  m. 


(4)  Sn  212.Q9-2U.00.  TSyWIglTBI  MAWflgjWO?  gappr  Mill. 
Fixed  weir  55*3  m long)  6 turbines,  43  uk/soo  flow,  and  865  KW  power  *. 
capacity;  mean  hydraulic  head  3 in. 

(5)  Kh  205 . 185-200 .79-  PSGGAU  Poror  Plant  (Serial  Ho.  12). 
Built  in  1911  together  with  the  USBR1KQ  development,  Serial  No.  14, 
(described  below);  corcrcto  sluice  weir  with  5 openings  and  4 pillars 

c pale  ting  <••£.  2 fixed  overflow  weirs,’  pads  13.8  m long  with  movable  flap 

I, 50  m high,  2 under  sluices  12  m wide,  end  1 log-way  11  m wide;  canal 
inlet  structure  with  4 sluices,  eaeh  5.20  m wide;  upper  canal  3*14  km  long, 
pertly  open  and  partly  in  timnsl;  5, Francis  twin  turbines  with  horizontal 
shafts,  80  m^/soc  flew  "capacity;  pr.we r capacity  7,200  KW;  moan  head 

II.  60  m.  (Sec  pp  636=79©,  Reference  27), 

(6)  ISSUH  fgGQ/.U-4^H^CEL  Mill  and  P^rer.  giant* 
Upper  stago  397,40  m.u»A,)  680  m long  cofferdam  separating  the  inlpt 

es»al  fr-jtn  the  SSJR  River  Bay;  capacity  uf  canal  36  nv/secj  3 vertical  tur- 
bines 370  HF  capacity)  hydraulic  head  " 
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ID  > .mmsi  firar,.  rm 

Hydraulic  roof  weir  consisting  i f 2 openings  eaeh  22  m wide,  1 i*#g^wsy 
ID  m wide  and  2§*8  m long,  and  % wider  sluices  10  m wide)  all  openings 
with  p«,vr»»-opQ?ftted.gatc»#j  old  canal  to  ndll,  22  m?/soo  flow  ©apasity  with 
4 double  sluiefa  each  3 rs  widoj  now  canal  to  pw&r  plant,  76  m^/aco  flow 
capacity  equipped  with  5 d <ablc  apjaipes  otoh  3,40  n Td.de j 5 Freads 
turbieos  apd  2 Kaplan  turbines » total  jkxrar  capacity  4*830  3P* 

(5)  Cffl&jl  28,5  km 

long)  old  development  nnw  sarriag  28  difforent  mills,  pmor  plant*.  eto,j 
ijqpper  WEXHBOSTTEL  wair,  62.5  n Icag,  a fixed  structure*,  providing  hho 
necessary  hydraulic  head)  lng-»*y  &U8  a lv*ng  psmitting  operation  -f 
floating  rafts)  oonal  inlet  equipped  with  2 sluioe  openings  7,10  m wide 
and  1*62  m high* 


(9)  ttn  120.9704^%^  U* trsids  Canal.  5,36  to 
long,  serving  9 mill*,  factories  and  fc^dro^lootric  power  plants)  fixeu 
overflow  weir,  total  length  240  n;  log-way  with  sluice  gatej  open  canal 
inlet  on  the  left  side  of  river  oquippod  with  a 188*5  -m  spillway  Iccdiig 
Into  HOE  River)  inlet  .structure  of  3 openings  3*0  n x 2;30  m or d 2 mate 
sinless  3*22  m x 2*57  ra* 


5,75 


do)  ft.  i67.u-ife2. 56?  wpaaaa 

less  serving  3 Indus irkal  installations  • 


HER  Industrial  Panels 


(11)  an  163.7-ia.70.  *B,UfllHTOWlWRglpal»  22*3  km 
long,  serving  33  installations  including  3 power  plants)  inlet  structure 
of  owial,  4 openings  equipped  sith  sluice  gates)  flow  capacity  14*5  kk/soc* 

(is)  fe frjs ssUkasya«#k 

oonstiiiOi^d  simultaneously  wife  FKGQAU  Purror  Plant  (Serial  Ho*  12)  and  of 
the  smm  type)  sluice  weir,  5 springs  and  4 midstream  pillars,  total  length 
77  m,  2 openings  14  m x 3*5  m,  2 under  sluices  14  m x 4*15  m and  1 !e a~r»^ 

13  m x 142  m,  34  m long)  all  openings  equipped  idtb.alaico  gates*  ^ntasr- 
opo rated)  upper  stage  287*7  m*tt*A*|  upper  pool  width  157*0  mi  canal  inlot 
structure  65  m wide,  eonsiftirf  >£  inlqt  look  25  m long  with  9 openings 
?;nO  m wide  and  3.17  m high,  sled  an  under  sluice  4.0  a wide;  upper  ocnftl 
1*040 km  long,  maxims  bottom  vldth  21  nj  92  ra  long  spillway  into  JKJK  aiwor 
at  and  of  the  canal;  4 FraiiCiS  »rfs  turbines  20  m3/sec  flow  and  15*8$  HP 
.capacity  t nsudmap  power  capacity  4*3X2}  XS  ruji  99*0  m 3/seo)  hydraulic  heed 


(33)  Bt  135.2iaa9*?6*  BflflNHAUSIE  Casals  5,7  km  Song, 
serving  5 installs  tixis  including  Jiydrooloo trie  power  plants* 

(14)  Bn  134.90fl2L.4Q,  STR433  O&All  U*6  1ms  long,  serving 

$ industrial  installations,  mostly  very  old* 

1 . 

(15)  BLaataHgo^t 

2)0  to  lacs*  serving  U irjduS’trlcl  power  dovolopgwnts  and  various  aasll 
mills,- 
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